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Ralli House, 16 Hare Street, 
Post Box 702, Calcutta I. 
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1,050 Miles of Cable for Rourkela 


We afe supplying for the Rourkela Steelworks a total of 1,050 miles of high and low-voltage cables: 


Oil-filled cables for 33 kV 
Varnished cambric cables for 6.6 kV and 
PROTODUR cables for voltages up to 1kV 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 
BERLIN- ERLANGEN 


SOLE REPRESENTATIVES 
SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 


BOMBAY CALCUTTA NEW DELHI MADRAS BANGALORE 
G.P.O. Box No. 490 G.P.O. Box No. 715 P.O. Box 543 36, Mount Road 9, St. Mark’s Road 








Distributors : 
MOTWANE PRIVATE LIMITED 
Incorporating : 
EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 
ond 


CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 
1909 FIFTY YEARS SERVICE 1959 
Electrical, Mechanical & Electronic Engineers and Contractors 
127 Mahatma Gandhi Road, Post Box No. 1312, Bombay-! 
Phone: 252337 (3 lines) Grams: “CHIPHONE™ all offices 
Branches at: Calcutta, Lucknow, New Delhi, Madras, Bangalore and 
Secunderabad 
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The Dumpers For Hard Work 











McLeod & Co., Ltd., 
McLeod House, P.O.B. 78, 
Postal Zone No. I, Calcutta. 
Telephone: Calcutta 4926 
Cables: ‘“‘Outline’’ Calcutta 





UNDER THE TOUGHEST CONDITIONS 


All over India, Muir Hill 44 cu. yd. Model 14 B Dumpers 


can be found doing the toughest jobs in the most extreme 


climate conditions. Service and spares are assured from our 


distributors who will gladly send full details and illustrated 


brochure on request. 





DISTRIBUTORS IN INDIA 


Territories : 


Uttar Pradesh, Bihar, Assam, 


West Bengal, Orissa, Southern 


Killick Nixon & Co, Pte. Ltd., 


A wholly subsidiary of 
Killick Industries Ltd. 


P.O.B. 109, Killick House, 


Andhra Pradesh, Southern Mysore, Home Street, Bombay. 


Madras, Kerela. 


Telephone: Bombay '26-201 1 
Cables: “‘KILLICKS” Bombay 


TER 16 E 





NGLAND 









SS 


Territories : 


Punjab, Himachal Pradesh, Rajasthan, \S 


Madhya Pradesh, Bombay, 
Northern Mysore, 
Northern Andhra Pradesh. 
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High Vacuum Unit @— 


simple and 
positive method 
of oil 
purification 

in transformers 








An example of comparative test with two 
similar transformers operated under the 
same conditions The oil in transformer 
No. | was treated by a DE LAVAL High- 
Vacuum Unit, whereas the oil in No. 2 
was purified by means of a filter press. 
In transformer No. 2 the dielectric stren- 
gth of the oil rapidly fell off, because the 
oil was saturated with dissolved moisture, 
whereas the dry oil in transformer No. | 
retained its high dielectric strength even 
° after 12 weeks’ service, when the test 
was discontinued. 1° 2.04 ££ 27 ee 

















Selling Representatives : 


THE SKF BALL BEARING CO., PRIVATE LTD. : 


Sir Phirozeshah Mehta Road, BOMBAY P. O. Box 71 . 
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Circuit Breakers— 
525,000 VOLTS 


THE HIGHEST VOLTAGE 
AT PRESENT 


Ateliers de Constructions Electriques de 


BELONGING TO COMPAGNIE GENERALE 0 ELECTRICITE 
Lyon—France 


One pole of the 6 airblast circuit brea- 
kers 525 KV, 2000 amps, 25,000 MVA 
being supplied to the USSR for their 


525 KV network 


Tce Forbe 








SISTA'S-B-137 
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H. V. CIRCUIT-BREAKERS (am 
M. V. CIRCUIT-BREAKERS 
METAL-CLAD AIR-INSULATED SWITCHGEAR & 
INSTRUMENT TRANSFORMERS 
ISOLATORS fe 
USHINGS 
SWITCHBOARDS AND CONTROL DESKS 


SCARPA E MAGNANOPl 


Head Office & Works: SAVONA (italy) VIA FIUME < 
Comm. Management: MILAN (italy) VIA MANZONI 12 






















ATLAS COPCO 
AIR COMPRESSOR 


Atlas Copco AR type compressors give more 
air to the horse power than any other 
machine, and reduce fuel consumption to the 
minimum. Extremely rugged in construc- 
tion, these heavy duty stationary air com- 
pressors are easily adapted to variations in 
air demand. 


OTHER FEATURES: 
* Low speed 

* Low lubricating oil consumption 
* Continuous service for even three shifts 
without the slightest loss of efficiency 


















Enquiries to; 


VULCAN TRADING 
CO. (PrivVATE) LTD. 


19 British Indian Street, Calcutta. 
Other Offices at: Bombay Madras New Delhi 





VTC-29 








SIXTEEN 105,000 HP DOMINION FRANCIS TURBINES INSTALLED 
AT SIR ADAM BECK-NIAGARA GENERATING STATION No. 2 FOR THE 
HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 

REPRESENTED IN INDIA BY 


THE CROMPTON ENGINEERING CO. 
(MADRAS) PRIVATE LTD., 


ID) DOMINION ENGINEERING 


P.O. BOX 220, MONTREAL, CANADA, CABLE: DOMWORKS P.O. BOX 205, MADRAS, INDIA 
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The hard iron lay dead in slumber deep: 
And we stirred it to life, ho! 
In the dark depths of a million years it lay hid 
And we stirred it to life, ho/ 
Tamed by our strong hands 
It sings to the tune we call. 
Its silence of long years have we broken, ha! 
The dead doth stir with new life today 
And rushes forth the wide world to conquer. 


Fearless with our two hands today 






Its reins we hold strong, ho! 


—a translation of a song from 
Rabindranath Tagore’s 
*ACHALAYATAN’ 


THE 
INDIAN IRON & STEEL | 


CO. LTD. 


Works: Burnpur and Kulti 
Head Office: 12 Mission Row, Calcutta. 
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FERRANT! TRANSFORMERS FAMOUS THROUGHOUT THE WORLD 





FERRANTI LTD. 


HOLLINWOOD, LANCASHIRE, ENGLAND. 
Indian Distributors : 
BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
Esplanade House, Waudby Road, Fort, Bombay-!. Post Box II! 
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Cc. W. & P. C. SPECIAL NUMBER 
of 


INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 


to be published in October 1959 


Exclusive contributions from Sarvasree M. Hayath, S. S. Kumar, Yadav Mohan, 
R. C. Hoon, V. Venugopalan, S. L. Banerjea, R. D. Dhir, A. Shankaran, P. R. 
Ahuja, S. Raghavachari, K. B. Khushlani, J. E. Vaz, K. C. Khatri and others. 


Price: Rs. 7.50 


Book in advance to avoid disappointment 


BOOKS & JOURNALS PRIVATE LTD. 
6/2, Madan Street, Caleutta 13. 














Do not neglect damp patches or 
corossive marks on the wall, it means 
the wall is being eaten by saltpetre 
and saltpetre has an insidious, wide- 
spread action. Patchwork 

repairs will not help. To repair 

a damaged wall effectively and 












permanently, plaster with CICO. 


& 
Better call us 
THE STRUCTURAL 
WATERPROOFING 


CO., PRIVATE LTD. 
21/1, DOVER ROAD, 
CALCUTTA-I9 


Selling Agents : 
GILLANDERS ARBUTHNOT & CO., LTD. — For Madras, Delhi, U.P., Bhopal, Rajasthan, Jammu and 


Kashmir. 

For Bombay. 

For Punjab, Pepsu and Himachal Pradesh. 
For Bihar, Orissa and Assam. 

For M.P. (except Bhopal). 


ECLIPSE ENGINEERING COMPANY 
BIRD & COMPANY (PRIVATE) LTD. 
MARTIN BURN LTD. 

R. M. & COMPANY 







































: * Stronger * Tougher * Impact Resistant 
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Do you know that 


Firestone 
RTHMOVER TYRES 


are now all made with 


Rylom. cords? 










Firestone proudly announce that all sizes of the 
Firestone Earthmover tyre and the Firestone Rock 
Grip Excavator tyre are now being manufactured 
exclusively with Nylon cords. * 
*Nylon cords have greater tensile strength than any 
other type of fabric used for cords in tyres. Nylon 
cords are particularly effective in preventing diagonal 
and X- breaks caused by impacts. They are highly 
resistant to water and do not deteriorate when 
exposed to moisture through cuts or snags in the 
tyre body. Only nylon cords have such high resistance 
to fatigue from heat. 
Because of these characteristics, Nylon cords in 
your Firestone Earthmover and Firestone Rock 
Grip Excavator tyres will (1) Reduce danger of 
blowouts, (2) Reduce failures from heat, (3) Reduce 
bruise damage, (4) Reduce failures from cuts, and 
(5) Maintain strength for retreading. 


13.00-24 8 & 12 Ply Rating RB. 
18.00-24 16, 20 & 24 Ply Rating 
18.00-25 12, 16, 20 & 24 Ply Rating 
21.00-24 16, 20 & 24 Ply Rating 
21.00-25 16, 20 & 24 Ply Rating 





Firestone 


ROCK GRIP 
EXCAVATOR 


also now 
with Deylow. Cords 


12.00-24 16 Ply Rating 
13.00-24 18 Ply Rating 
14.00-24 20 Ply Rating 


| Firestone 


Pioneers of the Earthmover Tyre in India 
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The steelworks at Durgapur 
are helping to build a 
great new India Today in Durgapur, 


120 miles from Calcutta, nearly thirty thousand 
Indian men and women and a number of Britain's 
most famous engineering companies are building 
the steelworks that will soon be the pride of 

India. From Durgapur, a million tons of pig iron and 
steel will pour out every year to be used in India's 
colossal industrial programme. It will create 
employment for many thousands of people all 

~-\ over the country. Durgapur will help to create 

a better life for everyone. 


ISCON 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. 






Sern’ 


Davy and United Engineering Company Limited. Head Wrightson Iron & Steelworks Engineering Ltd. Simon- 

Carves Ltd. The Wellman Smith Owen Eng. Corp. Ltd. British Thomson-Houston Co. Ltd. The English 

Electric Co. Ltd. The General Electric Co. Limited. Metropolitan-Vickers Electrical Export Co. Ltd. Sir 

William Arrol & Company Ltd. Cleveland Bridge & Engineering Co. Ltd. Dorman Long (Bridge & 

Engineering) Ltd. Joseph Parks & Son Ltd. The Cementation ae Ltd. Iscon Cable Group (Siemens 
Edison Swan Ltd. and Pirelli General ie Works Ltd.) 


BRITISH COMPANIES WORKING FOR INDIA psict 


ENFIELD CABLES 


Paper Insulated Cables - Rubber 
Insulated Cables and Flexibles. 
Signalling and Telephone Cables. 
Mining Cables + High Conductivity 
Electrolytic Soft Copper Wires and 
Strips - Overhead Line Equipment. 
Joint Boxes and Jointing Material, 
Feeder Pillars - Grid Suspension 
Wiring System and Special Cables to 
Government Specifications. 





ENFIELD CABLES LTD., LONDON 
Agents in India: 
PHILIPS INDIA LIMITED 
Calcutta . Bombay . Delhi . Madras 
Patna . Kanpur . Lucknow . Bangalore P9OR 
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Wear is the direct result of Metal Welds 


World's No. 1 Seller Additive taking place at “High Spots” at Flash 
Temperatures as high as 1800°F. Being 


Hydrocarbons, Lubricating oils burn off at 


temperatures higher than 600°F, leaving 
surfaces unprotected. Bardahl Alone offers 
you complete protection at all times, as it 


: : withstands temperatures up to 1500°F. 
Reduces friction to a fraction Bardahl is the only answer, add it to your oils 


BARDAHL LUBRICANTS CORPORATION 


1 & 1A MISSION ROW, CALCUTTA I + PHONE: 22-6851 - GRAMS: IMPFIRST 
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We are 
at your service 
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Intersecting tracks for mobile 


22 mene ot 








cranes, Scissors crossover for dock 


12 


installations, single turnouts, 





symmetrical tandem turnouts, three 


















throw turnouts, diamond crossings, 






outside double slips etc. manufactured 


ane | 
° 


to British Standard Specifications 






for all your haulage requirements. 


py 








Simplex diesel locomotives 


provide the ideal answer to all 






traction problems. Robust 






construction, easy manoeuvrability, 






finger tip control etc. are 






its outstanding features. 









We can also supply your requirements 


of rails, rail fastenings, fish plates. 
tipping wagons, mining equipment etc. 


- BOX NO. 12, MADRAS.1?. 
BOX NO. 506, BOMBAY.-1. 
Box NO. 208, CALCUTTA-1 
- BOX NO. 172, NEW DELHI. 


Sole Agents for India: 


©0200 






ee oe 
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Covered Aluminium Conductors 


ALIND ALIND ALIND 
ALL-WEATHER KER-AL-LITE AL-VINYL 
Weather-proof Wire Building Wire All-purpose Wire 


Pag yy to BS Manufactured to BS Manufactured to BS 
5 iene hg 2791: 1956 for alumi- 2791: 1956 for alumi- 

a $ 1954 for poly- nium conductors and nium conductors and 
thene insulation and BS BS 1557 ¢ 1954 for BS 2004 ; 1955 (is 


Braiding and’ weathe polythene insulation 694 : 1955) for PVC 


proof compounding. and PVC-sheathing. insulation. 





All types of joints, clamps, alu- 
minium-to-aluminium and bi- 

A C * EF, S S O RIFE S metallic taps, armour rods, armour 
tapes, dead-ends and binding wire, 

compressors and other tools. 


Members Member 
Andian Clectricat Sina teannarte 


too! > oe 


THE ssioue INDUSTRIES LIMITED 


Indio’s largest manufacturers of aluminium conductors and accessories 
Registered Office: Kundara (Kerala) 
Works at: Kundara (Kerala) Hirakud (Orissa) 
Managing Agents : 


sia @ Seshasayee Brothers (Trav.) Private Limited 
1 























Economics of Pumped Storage 





In recent years, renewed attention has been given 
to pumped storage and the economics of combined 
methods of power production together with pumping. 


The analysis of this problem of economics can be 
dealt with from two different angles. 


A. From the angle of general power requirements 
and demand: This leads to a mathematical analysis 
of power systems which is the subject of a paper 
subrritted to the Engineering Institute of Canada. 


B. From the angle of actual power production. 
The best approach would be a systematic study cf 
existing designs of pumped storage. 


A. Economics of Pumped Storage from the Angle of 
Power Demand 

This investigation on the economics of pumped 
storage started considering an electric system similar 
to the British system, which is rather compact, and 
where addition of nuclear power is an urgent problem. 
The Canadian system, extending over immense areas, 
with still considerable hydro power potential in re- 
serve and the possil ility of additional seasonal and 
yearly storage of water, offers conditions which are 
at the opposite of what the British system is to-day. 


Can a method devised to analyse conditions in the 
former system be adapted to conditions in the latter? 


The answer must lie in the method itself. 


Planning of new sources of electric energy is based 
on extrapolating the load demand curves many years 
ahead. 


Any suitable method of investigation must tend to 
reduce the number of free parameters to a minimum. 
The method submitted here is entirely based on the 
analysis of the load factors of the system and its com- 
ponents. 


It can also be shown that the balance sheet of power 
and energy production by a group of stations depends 
entirely on these load factors too, as do the prices and 
costs. 


The system load factor is a quantity which varies 
slowly with time and its trend can be predicted several 
years ahead. A method of price analysis entirely 
based on these load factors makes economic predictions 
fairly reliable and the method can be adapted to a 
wide range of alternative cases. 


Let us lock into the details of this method of 
analysis. 


Dr. CHARLES JAEGER 


Any electric power system with a total installed 
capacity M and a system load factor @, can be broken 
down into system components characterized by their 
installed capacity N,, N,..Nj..and their load 
factors @,, @,..0; taken over aperiod 7. (Fig.1) 








Perete +3- 














z 
x 2 
pepe 
® 


a) b) 
Fig. 1. 


The following general theorems canbedemonstrated* 


1. Thereisa linear relation between 0, and 6,, 9... 
@; depending only on N,, /M....N, /M...N; /M. 
This linear relation does not depend on the shape of 
the duration curve derived from the load/time curves 
of the system as given (Fig. 2) below: 


Basic equations 
0;:M=0,N,+0,N,+...+@0iNi+... 
6(M+N,,)=0,N,+0,N,+...+0,N,+...+0,N,, 


Condition of on change in existing system Os Mis: 


6,,=9 
Condition for change of load factor Oi to Oi 
‘ =6i + A Gi 
2 
0,,=9, yn, 49 


2. Any new source of power with capacity Nm and 
load factor Om added to an existing system (M@,) 
may change the load conditions in the system com- 
ponents (N;0;). The condition for no change to occur 
in the existing system is 0n=®,. 





*These theorems are demonstrated at full length in the original 
manuscript submitted to the E.1I.C. and published in June, July, 
August 1958 by “‘Water Power’’, London. 





bo 


In the more general case 


Ni 
On=9:—K AG: 


where / 9; is the change occurring in the system 
(N;0;) owing to the addition of a new source of 
energy (N,,9,,). This fundamental relation will allow 
us to relate the price analysis of the new system 
to price changes occurring in the component “‘i’’. 


3. More detailed investigations, especially investiga- 
tions concerning pumped storage, required the exact 
knowledge of the true duration curve of the system. 
For the sake of theoretical system analysis, the true 
duration curve can be replaced by a convenient 
mathematical curve which can be integrated. 


The choice was for the so-called Soschinski function, 
which is found to match actual duration curves in a 
great number of cases, particularly those for large 
systems. This function shows the load N at the time 
t(0<t< T) to depend only on @ and 0, = m/M 
where M is-the maximum (installed) capacity; m the 
minimum required load. (Fig. 3) 
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Fig. 3. 1957 load duration curve for England areas. 


The Soschinski functions is 


y= at[ — a—o,y (920-0) 


Both @ and @, can be predicted from a number of 
real load duration curves. 
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The basic problem for which the Soschinski curve 
will be used is to find out the best possible utilization 
of a given pumped storage or the theoretically best 
design and suitable capacity for a pumped storage to 
match a given base load station. If A, is the energy 
required by the pumps and A, the energy generated 
by the generating sets in the pumping scheme, then 
A,=7A, where 7s the overall efficiency of the pump- 
ing scheme including transmission losses. (Fig. 4). 


Nn" alll, So 


e #¢ Yy 
NoAlN, =N2 I, 


[I 


The basic problem corresponds to an ideal case of 
full utilization of the base load (@g3 =1). For practical 
purposes the following additional research will be 
required: 

















oO £,7f, ¥ 


Fig. 4. 


Comparative estimates will be carried out for a 
base load characterized by 03 =1 and by @3<1. 
(Fig. 5). 
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When there is a time lag At between the stopping of 
the pumping and the beginning of generation, there is 
a loss of power AN and energy AEF given by 


be 7 
Ms 


8 ata ~~ 


(e) t,*t2 ta 





“? 


























Fig. 6 


dN 
AN -(z At, AE=T.AN 
to 
(Fig. 6, 7.) 


The overall efficiency of a system combining pump- 
ing and generating depends widely on the transmission 
distance between the primary base load station and 
the pumping station. When two alternatives corres- 
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Basic equations 
Soschinski Curve 
N=M[I-C1-6,)t T= } 
Energy equation for pumping: 
A.=1A2 
Effect of time gap At: AN=($%) at; aE =ANT 


Variation of efficiency: AN,=AN,* 4a, ; AAAAN-AN)T | 


Price equation 
k =nN+mE 


Fig. 7 


ponding to efficiency factors y, and 7, have to be 
compared, the loss of power for both alternatives is 
given by 


AN=AN, + "7A, 


4. A detailed balance sheet has to be estabilshed for 
all energies generated, transformed and lost. (Fig. 8) 


Fig. 8. (top) Fig. 9. (bottom) 
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It can be shown that such a balance sheet can be 
traced graphically and that the only variables to be 
considered are @ (the load factor of the demand curve), 
Og (the load factor of the base load station) and the 
overall efficiency » for pumping. 


Most of the problems of cost and prices can be 
represented by fairly simple mathematical functions. 
So can the problem of the price of electrical energy, 
which is of the form 

k=nN+mE 


where N= installed capacity; E generated energy 
nand m constant factors which can be shown to depend 
mainly on @. 


Summarizing this, it can be shown how the whole 
problem of costs and prices—analysed from the point 
of view of the demand for more power—depends 


. mainly on the load factor analysis, the main free 


parameters Leing @, the system load factor and O, 
the base load factor. 


Figure 9, referring to hydro power combined with 
pumped storage, is most instructive ky is the price of 
1 kWh. produced ina hydro power plant working alone 
(capacity Ny); kp is the price of 1kWh. of energy 
generated in the pumping plant with capacity NV, and 
kw4. pis the cost of the unit energy generated in a 
combined system of water power supplemented with 
pumped storage. The system load factor 0, is the 
main variable and the ratio k /ky the main free 
parameter. The condition kw4. p<kw for the combined 
system to be economical is obtained for a wide range 
of value kp /kw as shown aon this Fig. 9. It is possible 
with such a diagram to estimate a limit for which the 
ratio of costs per kW or prices per kWh is in favour 
of hydro alone or of combined hydro power and 
pumped storage. 


An equivalent diagram is easy to trace for combined 
nuclear power and pumped storage. Both diagrams 
show that it is economical to add large pumping 
stations to a system basically fed by run-of river sta- 
tions or by nuclear power. Substantial savings are 
possible, up to 20 per cent on the price of the kWh 
generated.* 


The combination of steam power and pumped stor- 
age leads to more intricate calculations, because the 
cost of coal must be included as a main variable of 
the problem. The diagram Fig. 10, above of the Energie 
Versorgung Ost Bayern in Bavaria showssucha com- 
bination to be economical. But data from other coun- 
tries (U. 8. A.) show that this combination is often a 
a marginal case. For practical purposes a combinaion 
of run-of-river power, thermal energy, and pumped 
storage will often have to be considered. 


B. Research for Suitable Practical Solutions 
(from the Production Angle) 


The second point to be discussed concerns practical 
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*Full details are given in the August 1958 issue of “Water Power.” 
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Fig. 10. Compared cost of 
power generation for steam 
and for steam plus pumped 














Fig. 11. Cost of German 
pumped storage stations 
in DM. or £ per kw. for 


head from 100 to 1500 ft. 
(a) costs in 1926-1930 ; 
(b) costs in 1956 average. 


energy: 


pumped storage designs which can be commended as 
being economical proposals. The best approach is 
to review typical schemes and to comment on them 
from the angle of their economical advantages. 


Pure and Mixed Pumped Storage 

Pumped storage is said to be pure pum ed storage 
when the total discharge and the head are the same 
for the pumps and the turbines, or mixed pumped 
storage when there is more water passing through the 
turbines than through the pum ps 2nd/or when the 
head available for power generation is greater than 
the head against which the pumps have to work. Typi- 
cal example of the first arrangement are Ffestiniog 
(300,000 kW.) (Fig. 12) in Wales or Our (320,000 kW.) 
in Luxemburg (Fig. 13). 


Fig. 12. Sketch map of the Ffestiniog scheme in North Wales (according to 


V. G. Newman, BEAMA Journal). 











River Our daily pumped-storage station. Lueembomrg (according to V. Bodson, Sth World Power 
‘onference) 
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Fig. 13. (top) Fig. 14. 


The first station uses conventional pressure tunnel, 
surge tank and pipe lines, the second, built in the centre 
of the West-European coal industry, is underground 
with an inclined shaft. It has also been suggested to 
use cliffs near the sea for installing pumping stations 
of this type (Fig. 14). The Sir Adam Beck Niagara 
pumping station In Ontario (20,700 kW.) is a well- 
known example of conditions where the total head 
available for power generation is 
larger than the pumping head. 
(Fig. 15 and 16). 











Reisach in Bavaria is a more 
complicated design: there are two 
low level reservoirs with two sta- 
tions equipped with pumps and 
turbines but only one common 
high level storage reservoir. By 
skilfully combining these three 
reservoirs it is possible either to 
produce a maximum of kWh. or to 
have the highest possible capacity 
in kW. (Pig. 17). 


Effect of Head on Price of Pum- 
ped ‘Storage. 

Another remark concerns the 
total head of a pumping station. 
Comparative price studiés based 
on German pumping stations show 
the price per installed kW. to 
decrease with the pumping head. 
This is easy to visualize. (Fig. 11). 





Availability of Excess Energy 
An even more striking difference 
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Fig. 15. An aerial view of the Sir Adam Beck-Niagara generating stations (E, F) with the reservoir 
for pumped storage (L). 


Fig. 17. Reisach pumping scheme (Bavaria). 


6 


exists between daily storage, weekly storage and yearly 


storage, with rapidly increasing unit prices when passing 
from one type to the next. This last problem is linked ia 
with the availability of excess power. Inthe past the <3 










market analysis for excess power has received possibly 
too little attention. From the point of view of pumped 


Fig. 16. Section through the Niagara pumped- 
storage station showing the extremely compact 
layout obtained with a reversible Dériaz 

pump-turbine. 
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> ear at Fig. 19. Diagram of English Electric Co. arrangement 
to improve an existing low-head scheme. 
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Fig. 18. The Rodund and the Lijnersee pumped-storage 
schemes of the Vorarlberger Ilwerke (according to 
A. Ammann, 5th World Power Conference). 


storage economics it is of great importance. Cheap 
generation of omy ey energy is possible only if excess 
power is available in convenient quantities for conve- 
nient periods of time. In favourable cases, daily or 
weekly storage may be possible. If not, yearly storage 
may have to be considered which is a quite different 
proposal. 


(a) Cheap night power always available. Let us 
suppose a base load nuclear station running at a very 
high load factor 9g. Excess power will be available 
every night, all over the year, and combination with 


a daily or weekly stcrage is attractive. It can be shown 
to be economical and the economy on the generation 
of 1kWb. can be as much as 20 per cent. or more. 


It is estimated that is Canada nuclear energy com- 
pared with conventional steam energy may become 
economical about the year 1980, If pumped storage 
is considered in combination with the production of 
base load, then the point of equal production costs 
may come several years earlier. 


Anotber most interesting solution concerns the case 
of a large run-of-river station capable of producing 
constant yearly power. The station may be assumed 
to be located at a great distance from the centre of 
load consumption. Only base load is to be transmitted 
over such a distance. A pumped storage scheme 
located near this centre produces the corresponding 
daily peak load and considerably improves the condi- 
tions for overall cheap power production. Such condi- 
tions are likely to occur in Canada, where vast resour- 
ces of potential energy are available in the far north 
of the country. 


In both cases mentioned, the basic fact is that cheap 
constant base load power is available over long periods 
when the pumps can work to make daily generation 
possible at a convenient load factor. 


(b) Excess night power available only over limited 
periods. The opposite example concerns run-of-river 
plants where excess power is abundant during the 
rainy period but scarce during the dry season. Such 
conditions are characteristic of the European Alps: 
power is scarce when most required and yearly storage 


Fig. 20. General plan of the Pragneres development in the French Pyrenees. 
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Fig. 21. Schematic profile of the Pragneres development. 


has to be considered. Waggital and Etzel in Switzer- 
Jand are wellknown examples of yearly storage, where 
additional pumping of water during the wet season 
is used to fill existing conventional water power re- 
servoirs for generation during the dry season. The 
two schemes are mixed pumping schemes, and the 
large reservoirs were first built for conventional pro- 
duction of hydro-power only. 


An alternative solution to this arrangement is shown 
by the Illwerke in Austria, where a daily storage 
(170,000kW) and a yearly storage reservoir (217,000 
kW), with its own catchment area, are used simultane- 
ously. The Illwerke are designed to be the main 
regulator for power generation and frequency regula- 
tion on the central European system. (Fig. 18). 


Extension of Existing Conventional Hydro Power 
Schemes 

Reverting to mixed storage schemes, the introduc- 
tion of pumped storage to existing conventional 
hydro-power schemes may be a rewarding solution. 


The diagram Fig. 19 shows an arrangement the ~ 
English Electrig Company submitted to one of their 
customers to improve an existing low head scheme. 
The existing plant is equipped with three Francis 
turLines. An additional Dériaz pump-turbine “P” 
could be added. Pumping water during the night, 
whenever excess power is available in the system, in- 
creases the available peak load during the next day. 
It also maintains high water levels in the reservoir 


Enlarging existing high head schemes by adding a 
pumping set is another solution worth considering. 
Tosome extent it may be possible to extend the scheme 
without increasing the physical dimensions of the 
existing dam, tunnel and galleries or shafts. It has 
been shown that there isa limit to such improvements, 
owing to additional friction losses in the conduits.** 


Far larger extensions of existing schemes may be 
considered. The extension scheme for the Loch Sloy 
hydropower station near the city of Glasgow in central 
Scotland forsees a series of entirely new powerful 
pumping-generating stations, located underground, 
added to the existing conventional hydropower station. 
The existing dam would be the only item not to be 
duplicated for the pumping station, which capacity 
(up to 1 or 2,000,00¢ h.p.) would by far exceed the 
capacity of the existing hydro-power station (200,000 
h.p.). The capital cost for the new pumping capacity 
would include only the galleries and shafts and the 
machinery. Base load power would be mainly excess 
nuclear power generated during the night. , 

Pumping Used to Increase the Potential Bnergy of 
Stored Water (Fig. 20, 21.) 

The last example to be referred to is the Pragnére 
development in the French Pyrenees: water is 
pumped up 325m. into a reservoir and is then used,for 
generation with a total head of 1,254 m. The economics 
of such a system, of which there are many examples in 
the Alps, is based on the increase of potential energy. 





over a longer period, compared with conventional 
running conditions and improves conditions for power 
generation during the dry period. 


**This particular problem has been dealt with in a previous paper 
published in “Water Power’’, London, February/March, 1957. 


[Continued on page 20 
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Flood Control Works in North Bihar 





There have been frequent floods in North Bihar 
with consequent loss of crops and damage to land, 
property and life. This bas become almost an annual 
feature. During the monsoons of 1953 & 1954, there 
was considerable damage due to flooas and this was 
estimated at about Rs. 30 to Rs. 40 crores annually. 
It is recognised that the floods are nct an unmitigated 
curse, but they serve a very useful purpose in enrich- 
ing the soil and help in building upthe country. Hence, 
they are to be tackled in such a way that their harmful 
effects can be mitigated as far as possible. 


The North Bibar can be devided intc three main 
zones, as each of them have got different flood 
characteristics and topography and each of them 
provides a somewhat different flood problem. 


I. Gandak Valley 


This zone extends from Gogra river on the West 
and Burhi Gandak on the East. This zone has more 
or less stabilised itself. This is due to the fact that the 
country has got comparatively flatter slope than in 
the two other zones. Three main rivers of this zone 
which carry the water from the hill cetchment to 
Ganga are Gogra, Gandak and Burhi Gandak. 


There are two basins in this valley one between the 
rivers Gogra and Gandak and the other between the 
rivers Gandak and Burki Gandak. There are several 
small streams in between these rivers which also cause 
spilling as they bave got inadequate waterway. 
These streams on account of being small are interfered 
with by local people either fcr irrigation or fishing 
purpose which affects their drainage when they are in 
bigh floods. 


II. Adhwara or Central Zones 


This zone extends from river Burhi Gandak on the 
West to River Kosi in the East. The Bagmati and 
Kamla are the two mainrivers of this zone. The other 
rivers like Lalbakaya, Lakhandeyi, Adhwara, Dhaus 
ete., have got small catchments in the Himalyan 
regions. The rivers in this region have got very steep 
gradient ana hence often change their course causing 
havoc to the country. This is aggravated by human 
agencies. The indiscriniinate constructicn of embkak- 
ments and constructing pynes without any regulating 
device cause the changes inthe courses of these rivers 
as the gradients of the country are very much favour- 
able for such changes. 


III. Kosi Valley 

This zone extends from river Bhuthi-Balan on the 
West to river Mahananda on the East. River Kosi 
is the main river in this zone. Almost all the rivers of 
central zone and Kosi meet together and fall into 
Ganga. River Ghugri takes all the discharges of these 


By P. R. GUHA 


rivers tc Ganga at Kursela Railway Bridge. The 
problem of this zone is being tackled by the Kosi 
Project Devartment. 


1954 Floods, Formation of Control Boards 
and Technical Committee 


Floods haa been causing damage to life ana property 
in various parts of the country at fairly regular in- 
tervals. The need fcr devising measures, immediate, 
short term and long term to minimise this damage was 
brought home by the extensive destruction caused ky 
the floods of 1954 which were unprecedented both in 
their intensity and duration. The Ministry of Irriga- 
tion and Power, Government of India announced the 
formation of Central Plood Control Board vide their 
resolution No. DW14(7)/54 dated 8th September, 
1954. The States which were liable to frequent floods 
were alse requested vide the above resolution to ecn- 
stitute Flood Control Board to ensure that flood 
control measures were fcrmulated and carried out 
expeditiously. 


The Constitution and functions of the Central 
Flood Control Board are as follows:— 


Constitution 
1. Union Minister for Planning Irrigation 
and Power 
2.Unicn Minister of Finance 
3. Deputy Chairman, Planning Commission 
4 
5 


Chairman 


. Deputy Minister, Natural Resources 
5. Chairman, Advisory Committee on 
Irrigation and Power Projects, set up 
by the Planning Commission 
6. One representative of each of the State 
Flood Control Boards, i. e. U. P., Bihar, 


West Bengal and Assam Members 
7. Secretary, Ministry of Irrigation and 
Power Secretary 


8. Chairman, Central Water and Power 


Commission Addl. Secy. 


Functions 
\a) to draw up a comprehensive plan for Flood 
Control and fix priorities; 


(>) to deal with matters relating tc policy in 
connection with Floods and Flood Control 
Measures, 
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(c) to examine and approve specific schemes pro- 
posed for the investigation and construction 
of Plood Control Werks in the States; and 


(d) to arrange for necessary assistance in ec nnectiop 
with investigaticns, planning anc executicn of 
Flood Control Works. 


Accordingly the Irrigation Department, Govern- 
ment of Bihar announced the formation of a State 
Plood Contrel Board vide resolution dated 9th 
September, 1954. The Board constitutes as follews:— 


. Chief Minister Chairman 
. Finance Minister 

. Irrigation Minister 1 
- Revenue Minister 

Development Commissioner . 
. Administrator, Kosi Project 
. Secretary, Irrigation 

Chief Engineer (North) J 
9. Chief Engineer, Kosi Project 


Or So bo 


Members 


=> 
~~ 


2 =! 





Secretary, Irrigation will serve as the Secretary of 
the Board. 


The Bihar State Flood Ccntrol Board constituted 
its Technical Advisory Committee as follows, as 
suggested by the Union Ministry; 


1. Chief Engineer, Irrigation (North) 


2. A representative of Central Water & Power 
Commission 


+.» 
~ 


Director, Hydraulic Research Station 

4. Chief Engineer, Buildings & Roads 

5. Representative of the Railway in the State 
6. The Chiet Conservatcr of Porest 


7. A Distinguisked Engineer or other Official of 
the Stete to be nominatea by the Chief Minister 


io 2) 


. Superintending Engineer, North Bihar Flood 
Investigation Circle. He will te the Secretary of 
the Committee. 


Other Superintending Engineers of Flood Contcol 
Schemes in North Bihar can be invited whenever 
necessary. 


Flood Cantrol Works taken and Proposed in North Bihar 


A. Along River Gogra: Schemes already taken up 
There were existing embankments known as 7 nos. 
Bandhs along left bank of River Gogra constructed by 
local zamindars. These embankments were of inade- 
quate section and often breached in high floods. 


Ld 


Accordingly the strengthening of these 7 nos. 
Bandhs for a length of about 33.C miles was taken up at 


an estimated cost of Rs. 19.46 lakhs. The area expect- 
ed to be benefitted by this scheme was 1,44,000 acres. 
This scheme has been completed. 


B. Along River Bohta: Schemes already taken up 

Due to back spill of River Gogra the areas lying 
on the banks of rivers Bohta and Daha get badly in- 
undated. In order to prevent the areas fron flooding 
local people have constructed bundhs along both 
banks of river Bohta known as Deokuli Bundh. This 
bundh is not continuous and is of inadequate section. 
This causes spilling on countryside. 


Accordingly a scheme has been prepared and taken 
up to remodel Deokuli Bundhs to standard section 
with a free board of 3/0” over H. F. L. for a total 
length of about 9.10 miles. 


The estimated amount of this scheme is Rs. 6.65 
lakhs and area expected to be benefitted is about 
8.000 acres. 


C. Along River Mahi: Schemes already taken up: 


There were detached embankments known as Sital- 
pur-Brahnua bandh along both banks of river Mahi 
above Sitalpur Railway Bridge constructed by local 
zamindars. These were of inadequate section and 
often breached during high floods. The flooding was 
caused through the existing gaps also. 


The main cause of flooding in this river was due to 
back water of River Ganga. Hence, to provide relief 
against the back spill of River Ganga a scheme for 
construction of embankment from cut fa!l of Mahi 
into Ganga upto village Derni on the left and village 
Malabi on the right (where existing embankments end) 
for a total length of about 25 miles was prepared and 
taken up at an estimated cost of Rs. 16.35 lakhs. 
The area likely to be benefitted by this is 30,689 
acres approximately. 


D. Along River Gandak: Schemes already taken up: 


There are existing embankments along both banks of 
River Gandak almostthrough out its leangth ir Bibar 
from a lcng time. The embankments are known as 
Champaran, Tirhut and Saran Embankarents in the 
districts of Champaran, Muzaffarpur and Saran. 


The following Flood Control Schemes were taken up 
on this river in the year 1954-55. 


Pilling the Gaps of Champaran Embankment: 
This scheme provided to fill the gaps which were 
existing in the Champaran embankment along left 
. bank of the river. The total length of all the gaps was 
about 20.0 miles. The estimated amount of this was 
Rs. 6.76 lakhs and the area benefitted 10,240 acres. 
This scheme has been completed. 


Improvement of Saran Embankment: This scheme 
provided for raising Salempur Charki (taking off at 
73rd mile of Saran Embankment) and Mangarpal 
Charki (taking off at 10.5 miles of Saran Embankment) 
to 4’0” above the H. F. L. of 1954. The estimated cost 
of this scheme was Rs. 1.23 lakhs. This scheme has 
been cempleted. 
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E. Along River Burhi Gandak; Schemes already 
taken up: 

Marginal Embankments along right bank, of river 
Burhi Gandak from Panagpur (about 20 miles upstream 
of Akharaghat Road Bridge) to Kothia Railway 
Bridge for a length of about 147.83 miles and from 
Akharaghat Road Bridge to Kothia Railway Bridge 
along left bank for a length of 136.70 miles have already 
been constructed till 1956-57. 

Besides this we have taken up the following works 
in the year 1956-67 which are still under progress. 


(a) Marginal Embankment along right bank from 
Panapur to Junction of Rivers Dhanauti and Burhi 
Gandak for a length of 42.60 miles. 


(4) Marginal Embankment along left bank from a 
point opposite village Panapur to the Junction of 
Sijua nala and Burhi Gandak for a length of 53.30 
miles. 


After completion of these schemes we will have a 
continuous line of Embankment from Junction of 
River Dhanauti to Kothia Railway Bridge along 
right bank and from Junction of Sijua Nala te Kothia 
Railway Bridge along left Lank except for a length of 
about 20 miles from a point opposite Panapur to 
Akharaghat Road Bridge which has been left till 
Bagmati spills are controlled. 


Besides these, Back Embankments along both 
banks of rivers Bainti, Balan and Old Bagmati 
which fall in Bubi Gandak have also been completed. 


The total length, estimated cost and area benefitted 
of the marginal embankments including Back Embank- 
ments along right and left banks are given below:— 





Length in Estimated Area bene- 
miles amount in _ fitted in 
lakhs Rs. lakh acres. 





1. Right Bank 


(From Junction of Dhanauti 
to Kothia Rly. Bridge) in- 
cluding Back Embankment 
along river Bainti & Balan 230.13 314.78 6.70 


to 


. Left Bank 


(From Junction of Sijua Nala 
to Kothia Rly. Bridge except 
between the point opposite 
Panapur to Akharaghat Road 
Bridge) including Back Emb- 
ktt. along river Old Bagmati 216.20 296.7 3.34 





446.33 611.49 10.04 





Schemes Proposed : 


In adaition to above a scheme for diverting about 
3,000 cusecs of water from Burhi Gandak into River 
Gandak through Harha Nala amounting tc Rs. 18.76 


lakbs has been prepared ana submitted to Government 
of India for their approval. This will benefit an area 
of about 52,700 acres. 


The diversion cut takes off near village Basantpur 
about 22 miles above Chanpatia Rly. Bridge and 
just downstream of confluence of River Masan and 
falls through Harha Nala into River Gandak near 
village Dumdumwa. 


The above scheme for diversion cut has been cont- 
templated in order tc reduce flood pressure on margi- 
nal embankments when the river is in bigh floods. 


F. Along River Bagmati: Schemes already taken 
up: 

(a) Marginal embankments from Hayaghat Rly. 
Bridge to village Sirsia for a length of about 42.0 
miles along left bank and Hayaghat Rly. Bridge to 
village Kerachin for a length of about 55.0 miles 
along right bank of river Bagmati have been taken 
up in the year 1956-7 and are under construction. 


The estimated amount of the above schemes are 
Rs. 111.26 lakhs, and Rs. 77.88 lakbs and areas bene- 
fitted by them are 55,500 acres and 40.30 acres res- 
pectively. 


(b) Besides these marginal bundhs, a scheme for 
checking the development of Sugia-Pardesia, Gonahi 
etc. spill channels of river Bagmati by constructing 
permeable groynes was sanctioned for Rs. 1.94 lakhs. 
This work has been completed. 


Schemes Proposed to be taken up: 


(a) Two more Schemes for marginal embankments 
along right bank cf Bagmati from village Karachin to 
Saraiya and from Saraiya to Nagarpara embankment 
(just opposite Paharpur village), for a length of 47.0 
and 12.75 miles respectively have been prepared and 
submittec to Govt. of India for their approval. The 
estimated amount of these schemes are Rs. 105.17 
lakhs and Rs. 26.58 lakhs and areas benefitted by 
them are about 1,11.308 acres and 33,344 acres 
respectively. 


After construction of these two schemes we will 
have a continuous line of embankment from Haya- 
ghat Rly. Bridgeto Nagarpara embankment (opposite 
village Paharpur) on the right bank fora length of 
about 114.75 miles and unto village Sirsia on the left 
bank for a length of about 42.0 miles. 


(6) A scheme for constructing marginal! embank- 
ment on both banks of river Bagmati above Dhang 
Rly. Bridge fora length of about 14.5 miles amount- 
ing to Rs. 15.54 lakhs has been submitted to Govt. 
of India for their approval. 


This scheme has been prepared to check the river 
from diverting through spill bridges nos. 90 & 91 
leaving Dhang Rly. Bridge No. 89 out of action. 


(c) Another scheme for constructing 8.25 miles of 
embankment along left bank of Bagmati from village 
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Sirsia to village Phubia and about ten miles along right 
bank from SurmarHat to Hayagbatis under scrutiny. 


G. Along Adhwara system: Schemes already taken up: 


The first Flood Control Work in this basin taken 
up in the year 1954-55 was desilting of River Khirohi 
for a length of about 34.5 miles at an estimated cost 
of Rs. 50.43 lakhs. The «rea expected to be benefitted 
by this was 68,500 acres. This scheme is nearing com- 
pletion. 


This scheme comprises of desilting of River Khirobi 
from its off take near village Agropatti to its outfall 
in Darbhanga Bagmati to standard design sections 
capable of taking a discharge of 20,000 cusecs. The 
earth obtained from desilting will be utilised in 
making marginal embankments on both banks at a 
distance of about 900 ft. apart with a free board of 
2’10”" over design H. F. L. 


The next work taken up in this scheme in the year 
1956-57 was desilting and widening of the existing 
channel section of the river Adhwara-Jamura-Sikao 
and Burhad, all in continuation from junction point 
of Adhwara and Jamura to offtaking point of River 
Khirohi with varying bed widths in different reaches. 


The estimated amount of this scheme is Rs. 68.24 
lakhs and this is expected to benefit an area of 1,12,000 
acres nearly. 


This scheme has been prepared similar to the lines 
of Khirohi Scheme and the early obtained from 
desilting of the chennels wil! be utilised in providing 
marginal embankments on both banks having 2’ free 
board over designed H.F.L. The embankments will be 
placed at a distance of 300 ft. from either edge of the 
designed channel. 


H. Along River Kamla: Schemes to be taken up : 


The construction of marginal embankments along 
both banks of the river Kamla-Balan from Indo-Nepal 
Border to Jhanjharpur Rly. Bridge for a length of 
59.2 miles are in progress and nearing completion. 


Thesanctioned amount ofthis scheme is Rs 233.86 
lakhs, 


Schemes Proposed : 


Another scheme for constructing marginal embank- 
ments along both banks of thisriver from Jbanjharpur 
Rly. Bridge to Darjia (its out fall in river Kosi) for 
a length of about 20 miles amounting to Rs. 50.42 
lakhs has been prepared and submitted to Govt. of 
of India for approval. 


Ascbeme for constructing about 6 miles of marginal 
embankment in Nepal along right bank of Kamla 
in continuation of right bank embankment under 
construction in Indian Territory is under examina- 
tion. This scheme is to protects N.J.J. Railway 
Embankment from spill waters of river Kamla. 


J. Town Protection Schemes: Schemes Already 
Taken Up: 


Besides marginal embankments already described 
the following schemes to protect the towns from 
flooding and erosion were taken up and have been 
completed. 


Chapra Town Protection Scheme: This provides for 
the construction of permeable groynes to protect 
Chapra Town from the erosion of River Gogra at an 
estimated cost of Rs. 1.04 lakhs. 


Khagaria Towm Protection Scheme: This provides for 
the construction of spurs, bank pilings, bank pitchings 
etc. at an estimated cost of Rs. 2.25 lakhs to prevent 
Khagaria Town from the erosion of River Burhi 
Gandak. 


Sitamarhi Town Protection Scheme: There was an 
existing ring bund to protect Sitamarhi Town from 
the floods of R. Lakhandeyi. This was overtopped 
and breached at several places during floods of 1954. 


Accordingly a scheme was prepared at an estimated 
cost of Rs. 3.23 lakhs to strengthen this ring bund to 
standard section and raise it to 4’-0” above the 
1954 H.F.L. 


Estimated Amount of Works Taken Up 

The constructicn of marginal embankments as 
described above was started in the year 1954-55 and 
upto the end of 1955-56 about 350 miles of embank- 
ment were constructed at a cost of Rs. 257.11 lakhs 
which protected about 6 lakh acres of lands from 
floods. In the Second Five Year Plan, an expenditure 
of Rs. 12.00 crores was planned for flood control 
During 1956-57 further 130 miles of embankments 
were constructed at a cost of Rs. 212 lakhs which pro- 
tected about 7 lakh acres from 1956 floods. During 
1957-58 about 220 miles of embankment were comple- 
ted at a cost of Rs. 222 lakhs which benefitted an 
additional area of 4 lakh acres. The activities of the 
flood control works have been slowed dewn in the 
recent years due to non availability of funds. The 
financial target for flood control works has been 
raised to Rs. 7.90 crores, which is expected to protect 
an area of about 15 lakh acres. An expenditure of 
Rs. 160 lakhs is anticipated during 1958-59 for the 
consttruction of embankments, which is likely toensure 
flood protection to further area of about 1.5 lakh 
acres. 


A Master Plan for Flood Control Works in North 
Bihar has been prepared, which is under examination 
of the Central Water and Power Commission. The 
estimated cost is about Rs. 70.00 crores including the 
expenditures on the schemesalready sanctioned. With 
the complection of the schemes as envisaged in the 
Master Plan, North Bihar would present a different 
picture altogether changing the present annual devas- 
tations into prosperity and security of life and property 
which will ultimately fulfil the ambition of the Govern- 
ment and the public, strengthen the economy and 
raise the standards of the People. 


Construction Method through Public Cooperation 


For speedy execution of the flood control works, it 
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was essential that maximum number of labourers 
available should be employed, as getting the heavy 
programme of earthwork involved in the Flood Con- 
trol Schemes, executed by Earth Moving Machines 
was out of question. The possibility of doing this 
work through public co-operation by executing the 
work through the agency of ‘“Mukhias of Gram Pan- 
chayats’’ was considered. The Council of Ministers 
of Bihar in their meeting held on 4th January, 1955 
desired that the works will be let out to Mukhiyas of 
Gram Panchayats as far as practicable, but the total 
cost of any item of work should not go up on this 
account, 












During the working season of 1954-55 and 1955-56 
about 500 miles ofembankments were taken up which 
involved an earth work of about 113 crores cubic feet. 
Out of these about 66% ofthe earth work was alloted 
to be executed through the agency of about 526 
Mukhiyas of Gram Panchayats. 


The total work done by Mukhiyas till April 57 was 
48.11 crores cubic feet. It shows that works of about 
Rs. 1 crore were got done through 518 Mukhiyas till 
April 57. At one time about 25,000 men were working 
on Public Co-operative basis. 





Mauvoisin Dam Building in Switzerland 





Claimed to be the highest arch dam in the world, 
the Mauvoisin project in the south-western part of 
Switzerland made extensive use of modern eartb- 
moving equipment. Two electro-hydraulic power 
stations associated with harnessing of the river Dranse 
de Bagnes are now in operation (Fig. 1). This river 
comes from a glacier 7,300 ft. above sea level, and 
after travelling 28 miles descends to 1470 ft. and then 
joins the river Rhone. The Mauvoisin lake extends 
for 3 miles behind the dam. The catchment area of 
73 sq. miles feeds the storage reservcir cf 235 million 
cu. yids. capacity. 


Arch Dam Design 

Three different types of barrages can be used for 
forming storage lakes: (1) the earth or rockfill dam; 
(2) the gravity dam; and (3) the arch dam. The latter 
has been chosen at Mauvoisin due to excellent geologi- 
cal conditions. An arch dam is built in V-form. It 
requires very good rock foundations and solid rock 
flanks, suppcrting the dam on its sides. 

For a dam having a height of 777 ft. and using 
over 2} million cu. yd. of concrete, extensive studies 
and tests preceded the decision to use an arch dam 
design. Investigations disclosed that this construction 
was feasible. 


Preparing Works for the Construction of 
the Dam 


As one of the first things there was to be built an 
approach road to Mauvoisin consisting at the time ofa 
small inn for tourists, an old chapel and nothing else. 
After this, the diversion channel was put under con- 
struction. It took the water of the Dranse river up- 
stream of the excavation ground, derived it in the rock 
around the whole construction site and released it 
downstream of Mauvoisin. Soon after this, in 1951, 
the village for the workmen was erected. It consists 
of some 35 dormitories with the possibility of lodging 
about 1,200 men and has a big canteen, a tea-room, 
some offices, a new chapel, an infirmary, the post-office, 
etc. At the same time there were built distribution 
systems for compressed air, water and electric energy. 


For pouring concrete the following installations 
were used: 

1. Gravel and sand: Plants for its extraction, 
treatment and transport to 
the concrete tower. 
Plants for the transport to 
the silo works and from here 
to the concrete tower. 
Plants for its fabrication 
and transport to the dam. 


2. Cement 


» 


3. Concrete 


By H. R. FIECHTER and L. WALTER 


Gravel and Sand 


The plain called Torrembe, which will later on re- 
present the stcrage basin, contained enough gravel 
and sand suitable to the fabrication of concrete. But 
as the owner of the whole scheme swas very much in- 
terested in starting the storage of the lake as soon as 
possible, that means as soon as the dam would have 
reached a certain height, the extraction works were 
not permitted to last a long time. Therefore it was 
decided to transport the entire volume of some 
4,000,000 cu. yd. on the downstream side of the dam 
and to store it here on an intermediate deposit. This 
work has been done with the help of excavators and 
big trucks of 16 cu. yd. capacity in 3 years and finished 
in 1955. 


For the fabrication of concrete. the stored material 
was retaken by the excavators and hauled with the 
trucks mentioned above to the primary crushing 
plant. which can handle tlocks up to a diameter of 
2 ft. Here it falls through a grid into a primary silo 
work and by the means of a chain feeder regulating 
the quantity it isled tc a vibrating separator retaining 
only the gravel with a diameter of 4.3/4”—23 in. 
Gyratory crushers bruise it to a size of 4.3/4” at most. 
Tcgether with the already separated fine material it 
is hauled to the washing and separating plant by a 
large conveyor belt. Here it falls through a primary 
silo work into 4 turning washing machines, each of 
them feeding one street with a capacity of 130 cu. yd. 
per bour. Several vibrating screens separate the now 
clean gravel into the components | /8—3/8;3/8—1.1/16; 
1.1/16—2.1/4; and 2.1/4—4.3/4 in. Sand recovery 
plants produce the necessary sand 0—1/8 in. As the 
raw gravel was quite poor on fine material, two addi- 
tional sand crushers had to be installed. The so obtain- 
ed 5 components are stored next to the wasbing plant. 
From here they fall through valves on the conveyor 
belt installed in the underground reclaiming tunnel 
below the deposits. This belt leads to the concrete 
Latching plant through a zigzag-formed tunnel over 
a length of 860 yd. climbing 660 ft. The whole plant 
for the treatment of gravel and sand is built for an 
output of 520 cu. yd. per hour. 


Cement 


In the Swiss manufactories cement is put 


directly into 880 lb. containers and is transported 
by specially constructed railway wagons to the 
terminus at Le Chable in the Val de Bagnes. From 
here cement is hauled to the 4 silo works at Mauvoisin, 
containing 1,000 tons each, by means of a suspen- 
ded cableway with a capacity of 60 t/hour, over a 
distance of 9 miles. At Mauvoisin the containers are 














INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—JULY 1959 15 


ee, 








~» 
° 
° 


a 
= 
i) 


CT So er 


ro 


Sikm O 


= 
° 
J 








Fig. 1. The Mauvoisin Scheme 
1= Lake, 2=Arch Dam, 5= Pressure Tunnel, 6= Surge Chamber, 7=Fionnay 


Power H 8—=C 





sation Basin, 9= Pressure Tunnel, 10= Surge Chamber 


11= Pen stocks, 12= Power House, 13= Underground Tail Race. 


emptied. The cement dust produced here is eva- 
cuated by a dust-exhauster. By infiltration of com- 
pressed air into the silo works, cement is made fluffy, 
then gets into the 2 pumps which blow it through a 
pipe-line to the concrete batching plant (tower). 


Concrete 

The top of the concrete town holds 6 material silo 
works purposed to receive the 5 already mentioned 
components and the cement. From here they slide 
into the automatic dosing plant which weighs each 
one, adds water and concrete additives and then lets 
fall the whole in a collecting funnel. The material 
then is led through a rotary funnel into five 4 cu. yd. 
drum mixers below it. After90 seconds of mixing the 
machines are emptied into the 3 concrete hoppers 
hanging below witha capacity of 2 x 16and J x 8 cu.yd. 
The whole concrete batching plant is working auto- 
matically and can be actioned and controlled in the 
central commanding room. The valves of the concrete 
silo works are about 21 ft. over ground, high enough to 
allow the 80 HP tractors to pull the especially con- 
structed silobuses under them. so that they can be 
filled with 8 cu. yd. of mixed concrete. With this 
silobuses the mixture is hauled to 3 concrete buckets 
with the same capacity of 8 cu. yds. and emptied into 


the buckets by hydraulic opening of the valves. By 
means of 3 cableways with a lifting power of 20 
tons each the buckets are transported to the dam. 
These cableways are fixed rigidly on the left-hand side 
of the valley, but on the right-hand side move on a 
240 yd. long causeway enabling them to reach any 
point on the dam. The batching plant, the silobuses 
and also the cableways are built for an output of 
400 cu. yd. of concrete per hour, or working for 20 
hours with two shifts fora daily output of 8,000 cu.yd 
But in 1957 was reached a top performance of 10,500. 
cu. yd. of concrete poured in 21 hours. 


The Big Blasts of Mauvoisin 


Before the concreting of the dam could be started, 
the rock in the bottom of the valley had to be cleared 
and the excavation for the two abutments on the 
rock-sides finished. The classic excavation methods 
consisting of regular small blastings did not show a 
sufficient output, was quite dangerous, and therefore 
compromised the fulfilment of the program and made 
it impossible to work simultaneously on the flanks and 
the bottom of the valley, because the danger of falling 
stones was too big. Therefore a new method had to be 
found out and the following was decided: 


Fig. 2. Details of the Mauvoisin Dam in Switzerland. 


1 and 3=Injection Galleries 


for Sealing Works, 4=—Natural Ground Level, 5=Lift Shaft, 


6— Pendulum Shaft, 7= Injection Zone, 8= Maximum Lake Level, 9= Minimum Lake Level. 
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Fig. 3. First Stage in Dam Building: 


1= Arch Dam, 2= Underground Powerhouse, 3= Sub-Station 


4— Compensation Basin. 


Starting from several platforms on the left and 
right-hand side a series of 3.3/8 in. holes were drilled 
in a direction parallel to the rock surface. Their top 
length was up to 460 ft. Using this method there 
could be worked on several different altitudes and 
simultaneously in the bottom and this even in winter- 
time. After the holes with a total length of about 
4,900 yd. on the right flank had been filled with some 
44,000 Ib. of explosives, 90,000 cu. yd. of rock were 
blasted at once. This happened on November 11th, 
1953. Excavators and the, big trucks worked during 
3 weeks only to evacuate the resulting 144,000 cu. yd. 
fallen rocks. On April 6,1954 followed on the left-hand 
side of the valley the second big blast with 6, 560 yd. 
of holes, using 70,000 lb. of explosives and putting 
off some 130,000 cu. yd. of rock. After the alluvium 
covering the rock in the bottom of the valley had been 
evacuated, several smaller blastings were done here, 
until we had a foundation excavation with a surface of 
260 x 180 ft. and a depth of 160 ft. These enormous 
works lasted from September 1951 until August Ist, 
1954. In total, a volume of 1,800,000 cu. yd. of rock 
and alluvium had been removed. On August 16,1954 
the pouring of concrete into the dam could be started. 


(Fig. 5). 





The Dam 

The dam, the biggest work of the whole 
Mauvoisin scheme, has on the bottom a thickness of 
175ft., is 777 ft. high and its crest is 1,700 ft. long and 
46 ft. large. Its concrete mass amounts to 2,635,000 
cu. yd. corresponding to a cube with 430 ft. of lateral 
length. The dam is subdivided into 28 blocks with a 
width of 59 ft. each, measured in the longitudinal 
axis. These blocks are divided into “‘towers’’ and 
intermediate blocks, getting this way more pouring 
possibilities. After the concreting of a height of 10 ft 
on one block, concrete has to rest for about 36 hours to 
get the necessary strength for continuing the work. 
Dispersion of the 8 cu. yd. concrete heaps emptied on 
the block by the cable-ways, is done by means of 
small bulldozers and not by hand. This allows‘a more 
regular dispersial of the layers and helps to spare a 
few workers, a fact which is quite important today. 
To obtain a good and uniform density of the concrete 
and to make it lose the utmost of its water, it has to 
be vibrated after dispersion. This work is done with 
especially built electric vibrators in the shape of a 
needle with a length of 3 ft. and a diameter of 5 in., 
vibrating with a speed of 7,300 t/min. In the beginn- 
ing, these machines weighing 150 Ib. had to be action- 
ed by two workmen pulling them in and out of the 
concrete, but as this work was too exhausting to be 
done continuously, it was tried to fix 4 vibrators on 
a small bulldozer. This system proved to be very 
rational, spared manpower and allowed to get a more 
regular vibration and therefore a better quality of 
concrete. To reach the desired density each cu. yd. 
of concrete has to be vibrated during 2.1/3 minutes. 


Artificial Refrigeration of the Dam 

The heat development due to hydration of cement 
depends mostly on the quantity of cement and 
amounts to about 160 BTU per 1 Ik. of cement. In the 
first three days after pouring concrete, the tempera- 
ture can rise up to 104°F. To allow the mass of 
concrete to shrink quickly and regularly, this heat bas 
to be evacuated, i.e. concrete must be refrigerated. 
The most simple system of cooling consists in letting 
open breaches, closed only after the concrete has cooled 
itselfdown tothe average annual temperature of the 
region. But this solution could not be chosen at Mau- 
voisin, because it would have retarded the construction 
program. So it was decided to use the artificial re- 
friegeration. Every block after concreting a layer 
of 1¢ ft. is covered by a net of cooling pipes with a 
diameter of 3/4 in. a distance from pipe to pipe of 5-1¢ft. 
In these pipes cooling water with a temperature 
of 34-41°F iscirculating, evacuating the heat so quick- 
ly that pouring of concrete can be retaken after 72 
hourse. 

In spite of this, concrete is shrinking a iittle more 
after it, producing small joint openings of about 1/8 
in. These openings are closed after each concreting 
season by injections of grout. After this, the dam is 
absolutely compact and watertight. To avoid possible 
water leakage from the accumulation basin on the 
sides and below the dam, big grouting works in the 
rock had to be done. 1,100 yd. of galleries and over 
37 miles of bore holes were necessary to do it. The 
sealing zone reaches 720 ft. below the dam bottom. 
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Fig. 4. The new Lake with the Dam at its end. 


Emptying of the lake 

Te allow a quick emptying of the lake in case of 
danger, a bottom draining channel was built, with a 
capacity of 180 cu. yd. per second, this besides the 
already described pressure gallery leading to Fionnay. 
520 ft. over the dam foundation to intermediate gal- 
lery has an evacuation capacity of 130 cu. yd./sec. 
A 3-part flood opening with a total capacity of 130 
cu. yd. /sec. is constructed on the height of the dam 
crest. The catchment area being of 44 sq. miles and 
the maximum precipitation attaining 6 cu. yd/sec./sq. 
m., evacuation of highwater is assured by simulta- 
neous working of the intermediate and the top evacua- 
tion galleries, rendering impossible an overflcwing cf 
the dam crest. All three of these evacuation installa- 
tions lead the water to the downstream side of the 
dam, where the Dranse retakes it, flowing its normal 
way through the valley. We note that by means of 
all evacuation galleries including the pressure gallery 
the lake could be emptied in about 6 days. 


Summary 
The most important technical data: 
Lake : 
Superior level cf the lake 6.435 ft. 
Inferior level of the lake »,905 ft. 
Useful volume 235 million cu.yds. 
Dam: 


Arch dam, height 777 ft. 


Length of the crest 1,700 ft. 
Width of the crest 46 ft. 
Width cf the bottom 175 ft. 


Mass of concrete 2,635,000 cu. yd. 


Power-house Fionnay: 


Gross head, max 1,580 ft 
Gross head, min 1,030 ft. 


127,500 kW. 
82.500 kW. 


Capacity, max. (3 groups) 

Capacity, min. (3 groups) 
Power-house Riddes: 

Gross head, max. 3,385 ft. 

Gross head, n in. 3,344 ft. 

Capacity, max. (5 groups) 225.P0C kW. 
Yearly output of energy: 

Winter-time 604,°0°,000 kWh 

Summer-time 157,000,000 kWh 

Total 761,00€,000 kWh 





The dan: including the street on the crest has been 
finished in November 1957. In the power-house at 
Fionnay the third group is actually being installed. 
The power-house at Riddes is producing the precious 
electric energy since already a few months. 
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Pumps for New Processes 





With the intrcduction of new chemical processes, 
the rapia development of nuclear engineering and the 
general trend towards compact plant construction, 
came the need for further advances in pump design. 
Not only were pumps now required to handle fluids 
of higher temperature and greater viscosity at a much 
faster rate, they had alsc to be constructed in a manner 
that would allow maintenance to be kept to a mini- 
mum and replacements, if needed, to be simply and 
easily made. Requirements such as_ these are reflec- 
ted in the designs of many of the forty pump manufac- 
turers, who were exhibiting at the Engineering, 
Marine, Welding and Nuclear Energy Exhibition 
(beld at Olympia from 16th to 30th April, 1959). 


Typical of the new designs of pumps, now widely 
used in the nuclear and chemical industries, are those 
produced, after much research, by the British LaBour 
Pump Co. Ltd . of London. These pumes are called 
upon to handle a great variety of fluids, some of them 
highly corrosive, at many different temperatures and 
pressures. They are made in various different materials 


British LaBour G-type vertical pump for handling 
works effluent with a pH range of 3-12 before 
treatment. 





By M. H. L. WHITEHOUSE 


according to the fluids they are required to deal with. 
For example, bronze pumps are used for acetone and 
aleobol; aluminium pumps for hydrogen peroxide and 
formaldebyde. 


One of the new LaBour designs (known as the SZ 
model) is a single stage, single suction non-priming 
pump for all types of liquids and slurries. It bas a 
fully cpen type impeller separable from the shaft. 
Pump back, impeller and motcr can be withdrawn in 
one unit without disturbing suction and delivery 
pipes. 


Another horizontal centrifugal single stage pump— 
the LaBour MSZ model—has been specially designed for 
handling corrosive and non-corrosive bot or cold liquids 
with capacities up to 1,000 gallons per minute and heads 
up to 300 feet. In this pump the casing is vertically 
split, so that the whole rotation assembly can te with- 
drawn without disconnecting suction or delivery pipes, 
disturbing the driving motor, or upsetting alignment. 


The British LaBoue company also showed at 
Olympia their self-priming pumps (UHL/ UPL model) 
which are available in a wide range cf corrosion and 
erosion resisting materials, including the company’s 
special nickel alloy, R. 55; a pump (SCHL model) 
which will extract liquors under 28 inches of vacuum 
and incorporates a seal-bath, totally immersing the 
gland tc orevent air-entry when running under vacuum 
conditions; and a self-priming pump (USL model) 
for use in mines, which bas a mechanical] seal that 
needs no Jukricacion or external cooling. f 


The latter pump will run for long periods on “‘snore”’ 
and does not require a foot valve. 


The trend towards self-contained pumping units 
for marine purposes was illustrated at Olympia by 
many of the exbibits shown ky Megator Pumps and 
Compressors Ltd, 


Megator pumps for marine diesels using heavy fuel 
oil will be shown in a new fuel-valve cooling unit 
that combines pump, controls and the associated tank, 
including beating and cooling coils. This offers uni- 
form standards of installation and easier maintenance, 
both of which are important for shipboard plant, 


Modern ships present a variety of pumping prob- 
lens, anda single design of pump available in various 
sizes and adapta!le by using components in different 
materials, is particularly useful. These pumps can 
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One of the range of prefabricated Uuit Pressure Sets 
for marine water systems introduced by Megator 
Pumps and Compressors Ltd. 


handle almost any liquid from fresh-water tc Bunker 
“or i] 
oil. 


The basi¢ design of the Megator pump, which is alse 
used in industry and mining, provides a positive dis- 
placement with Figh suction lift, yet offers the advan- 
tage of operation without valves and with automatic 
compensation for wear, It has few moving parts, and 
these are siniple and robustly designea, consisting of 
three plastic cr rubber sliding shoes within which the 
liquid is drawn by means of the oscillating motion 
(relative to the sbces) of eccentrics disposed on the 
main drive shaft. Valve action ig provided by ports in 
the shoes and port-plates. This basic mechanism is 
suitable for dealing with liquids of widely varying 
viscosity, including chemicals and food substances. 


Another firm of pump makers, who pride themselves 
on the variety of materials which they can deal with, 
are the Comet Pump and Engineering Co. Ltd. 


One of the difficulties in preventing the pollution 
of sea water by oil fuel discharged from ships’ tanks 
is that centrifugal separators used for purifying bilge 
water before it is pumped overboard, are unable to 
extract oil which has been broken up by the bilge 
pumps into globules ofless than 8/1000 inch in dia- 
meter. Positive action Comet pumps areamong the few 


which are capable of delivering oily ballast water to 
the separators in a condition which they can bandle, 
One cf the most successful model is the little 
“Dinkum’’ $ inch (3” boles) x } b.p. pump, whose main 
use is for fuel oi] sludge disposal, though it can also 
deal effectively with sewage and the like. 


At the Engineering, Marine, Welding and Nuclear 
Energy Exhibition, positive action and __ totally 
reversible pumps, able tc deal with all manner of 
liquids, solids such as wood bark or grain, and semi- 
solids like liquiorice, clay, cotton waste, wood pulp 
and rubber surgical dressings, was seen on the 
Comet stand. 


Pumps from Britain are found in every ccuntry in 
the world, and annual exports amount to more than 
£16 million each year. But not only British pump 
manufacturers will be showing at Olympia; one foreign 
firm—the K.S8.B. Manufacturing Company, of Ger- 
many—will include among their exhibits pumps for 
steam power stations and marine engineering, as 
well as pumps specially designed for the chemice] 
industry. 


K.8.B. multi-stage boiler feed pumps, developed 
for very bigh pressures and temperatures, have been 
giving satisfactory service at pressures of 5.800 pounds 
per square inch (gauge) and temperatures of 310°C. 
Their expansion—compensated casings make them 
suitable for rapid and frequent starting at high tem- 
peratures. 


In the K.S.B. glandless cin culating pump, the pump 
and motor are combined to fcrm one unit in the same 
casing. Over heating of the motor is prevented by a 
thermal barrier between the pump and motor coinpart - 
ments. This allows the pump to operate efficiently at 
temperatures uoto 400°C. It is used in steam boiler 
plants, ecoling water systems, nuclear energy plants 
and similar applications, where suction pressures 
up to 3,600 pounds per square inch (gauge), capaci- 


Comet Pump and Engineering Co. Ltd. 6” double-drive 
go-devil with two 7} h.p. geared motors for 
handling molasses. 


eee | 
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Glandless Circulating (K.S.B.) Pump LUV, Cut-away 
model. 
ties up to 3,700 imperial gallons per minute, and heads 
up to 330 feet are encountered. 


These pumps are manufactured in a 


materials for any liquid or liquified gas. They can 


variety of 


be fitted with a normal stuffing box or a mechanical 
seal, and thoroughgoing standardisation has removed 
the need fer extensive stockholding of spare parts. 
Special vertically arranged canned motor types, which 
are leak-free at pressures up to 5,700 pounds per 
square inch (gauge) with temperauters up te 400°C. 
are available. 


At Olympia, K.S.B. were also shown marine 
pumps suitable for cooling water, ballast or bilge 
handling. These may be self-priming or otherwise, 
and vertical or horizontal, with capacities up to.5,500 
imperial gallons per minute and able to accommodate 
heads up to 115 feet. 


Gilbert Gilkes & Gordon Ltd., of Kendal, West- 
morland, will include among their new exhibits the 
AXTPEL range of full way silent circulators for heating 
systems, the GILPRIME multi-stage self-priming 
pump for heads up to 700 feet and capacities of 600 
gallons per minute, and the CENTURI M.S.P. 
centrifugal multi-stage pump, which is similar to 
the GILPRIME, but without the self-priming 


stage. 


Also new were the Gilkes CENTURI E.M. range 
of pumps in sizes from | inch to 3 ineb pipe branches 
giving outputs of up to 500 gallons per minute at 
heads up to 209 feet. 


The design of the AXIPEL silent circulator provides 
complete isolation of the pump from the motor and 
full bore gravity flow when the pump is not operating. 
A face type mechanical seal prevents contamination 
of water with oil and requires no adjustment. The 
pump operates in horizontal, vertical or angular pipe- 
lines, and is automatically lubricated in any working 
position from a large capacity oil reservoir. The unit 
connects directly into the heating mains, requiring 
no special foundations. 


Continued from page 7 


Economics of Pumped Storage 
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NEW V-BELT DRIVES 


The narrower, high-speed belts pack up to three 
times the horsepower capacity in the same space. This 
new V-belt has several odvantages because of the space 
it saves. The concentrated strength of these narrow 
belts allows using narrower or smeller diameter 
sheaves. Also, the lower ratio of width to thickness 





explains how this new type belt can transmit 
up to three times more horsepower in the same space 
needed by the conventional V-belts. An arched top, 
chemically bonded tensile cords, and a more flexible 
cover are other reasons for the increased ratings of 
the belts. —Cates Rubber Co., 


Glimpses of 


Water-Conservancy in China—Il 





(Concluded from the May issue) 


Dam Projects 
In recent years, considerable activity has been 
going on in the field of Dam Construction. Many dams 
have been built during the last 8 years, being mostly 
of concrete and earth. In concrete different types of 
dams have been built, such as: 


(a) Gravity Dams: The Sanmen gorge dam, across 
Yellow river, 100 metres high (work just 
started). 


(b) Arch Dams: Shavhungdiyan dam, 84 metres 
high, across a tributary of Hvai river (work 
nearing completion). 


(c) Multiple arch Dams: Putzeling dam 74.4 metres 
high and Meishan Dam 89 metres (289.5 feet) 
high, both across tributaries of Hvai river. 
The works are already completed. 


(d) Big head type hollow buttress gravity dams: 
Mozetan dam, 82 metres high, across a tributary 
of Hvai river (work nearing completion). 


Meishan multiple arch dam is claimed to be highest 
in the world (289.5 feet), higher than the Bartlett 
Multiple arch dam 286 feet high, in Arizona, United 
States. 


Earthen dams: Kwanting Dam 45 metres bigh 
across Yungting river (work already completed). 
Tahofang Dam across Hun river, 48 metres high 
(work nearing completion). 


Rock-fill dam: Se-je-tan dam 52 metres high. Work 
already completed. In addition some other dams have 
also been built. 


The noticeable feature is that, all these dams have 
been constructed within a shcrt period of 8 years, so 
that the speed of dam construction achieved is rather 
appreciable. For instance, the Futzeling and Meishan 
dams were constructed in “‘a little less than 2 years’ 
time each’’. Works completed till now were done 
predominantly by labour, with machines being used 
sparsely, but now the construction work of the 
Sanmen gorge is completely mechanised. 


Construction work is generally done almost through- 
out the year and as far as pcssible in 3 shifts per day, 
starting from the foundation excavation up till the 
finish. All the works are done departmentally, so that 
the quality of works is generally high. Coupled with 
these and by proper organisation of labour employed 
on works, the speed of construction that has been 
achieved is quite appreciable. 


At the project sites, to be able to carry on with the 


By 8. SESHADRI 


work of concreting almost throughout the year, pro- 
teative overhead coverings are arranged over 
important places, such as : 


Coverings of bamboo matting over the entire aggre- 
gate supply line from the quarry store to the 
mixing plant and over the finished concrete supply 
line from the mixing plant to the Dam. 


Canvass covering over the entire area of concreting, 
in the dam including the concrete lifting devices, 
say the vertical towers or coal mine type elevators, 
ete. 


The entire mixing plant, which is usually cons- 
tructed in 4 tiers, being : 


Top tier for the temporary storing of cement and 
feeding to the mixers. 

2nd tier, for the aggregate supply lines 

3rd tier for the concrete mixers and 

the last tier, for the finished concrete supply trolley 
line, will be roofed over, completely so that the 
work may not hampered due to rains. 


At the Shavhungdiyan project, to save time in the 
erection of the generating units of the construction 
power house, readily available small capacity Diesel 
generators, such as 


1 unit of 220 kW. 
2 units of 400 kW. 
1 unit of 440 kW. 
1] unit of 600 kW. 


were used instead of waiting for a large capacity set. 
This bas got the added advantage of economising 
power, in being able to shut-off one or two units, 
when full load is not there. 


Design of “‘light type structures” such as, say, 
arch dams, hollow dams, multiple arch dams, also 
contributes towards the speed of execution. For 
instance, the lift for concreting used at the Shavhung- 
diyan arch dam is 5 metres, whereas, in a gravity 
type construction, such lifts will not be suitable, due 
to the difficulty of “internal heat dissipation’’, but in 
case of light type structures, heat dissipation is com- 
paratively easier. 


For concreting of dams, various devices are used, 
such as, at Sanmen gorge, after an economical com- 
parison of different alternatives, movable steel tower 
cranes with long arms and of capacity up to 15 tons, 
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are to be used. The length of the arms of the crane is 
long enough to cover the entire width of the dam 
section. 


At the Shavhungdiyan arch dam, coal mine type 
elevators, with a bucket capacity of 0.8 M3, worked 
by electrically operated winch, are being used. The 
elevator is fixed to the back of the dam itself and the 
whole mechanism is raised gradually, as the dam 


rises. 


At the Mozetan dam, the hollow portion of the but- 
tresses has been advantageously used for installing 
the concrete lifting equipment. In this case it consists 
of a vertical steel tower, supported on the walls of the 
buttress itself. Along the steel tower, moves a bucket 
of | M3 capacity, operated by an electrical winch, from 
the bottom. On both the flanks, concrete is raised to 
the top in buckets of 1M° capacity, moving along 
inclined trolley lines, laid on hill slopes, worked by 
electrical winches from the top. 


At both the places, during the initial stages, small 
cranes of 5 tons capacity, were used to place 


concrete. 


At the Sanmen gorge project site, for the “construc- 
tion power’, instead of the Diesel generating sets, 
they are using “The train power bouse”’ for supplying 
the construction power, during the initial stages. 


Actually, ‘Train Power House”’ is a specially built 
train to accomodate all the components of a thermal 
power producing unit, operated by a steam turbine. 
The various components such as: 


(1) Boiler unit 

2) The Steam turbine unit 

(3) The Generator unit 

The Switch Board panel unit 

5) The Transformer unit, and lastly 

(6) The cooling unit, for cooling the water, 
used for the “Generating unit”. 


a 
_ 
—_—~— 


All these various units, are neatly accommodated in 
closed type specially built carriages. Actually, the 
train is composed of 7 carriages, 6 for the generating 
equipment and one for the operating staff. It is a 
broad gauge train, so that, it can be taken to any place, 
just like an ordinary train. 


This “movable power house on wheels” can be easily 
worked at any place, even in an out of the way place, 
such as the usual case with a dam-site, the only ad- 
ditional requirements being, sufficient stock of coal 
for the boiler and water for the boiler. This has got 
the following advantages: 
is economical than diesel 


l. The working cost 
v 


generating units. 


2. Inthe beginning stages of construction, when other 
generating equipment may not be readily available, 
this can conveniently be used. It is not necessary to 
lay the track up to the dam site, but this train can be 


stationed on the nearest existing railway track. Only 
a short distance of transmission line will have to be 
laid from the train power house to the project site. 
When its use at one place is finished, it can be trans- 
ported to any otber place, as a compact train, all the 
units being packed neatly in their respective carriages. 


The capacity of the Power House under reference is 
2500 kW. and is made in Czechoslovakia. This is 
being continuously used since the last 8 months, 
stationed at a place abcut 18 miles from the dam site. 
[ learnt that there are also such Russian made “‘moy- 
able power houses” of capacities up to 4000 kW. 
This type of “Power House on wheels” is a great asset 
to any big project work. 


For the design of dam projects, especially for the 
collection and analyses of hydrological data, fixing 
up of various levels of a reservoir and deciding its 
benefits, methods, based largely on Soviet techniques, 
are used. As a result, for the collection of silt samples 
and hydrological data, a method known as “slant 
navigation method”’ is used. The reservoirs which 
have been completed till now at mostly designed as 
“flood control reservcirs’ reserving a considerable 
capacity, for retaining ‘the flood waters each year. For 
the design of Earth dam ‘The sliding scale method” 
is used, such as the case of Kwanting earth dam, 45 
metres in height. 


To bave good check over the quality of construction 
at all dam sites, field laboratcries are established. 
The experiments and tests on concrete are done in 
“constant temperature and constant hun idity rooms’’. 
Also befere starting the actual construction work, 
considerable “hydraulic model studies” are made to 
decide such factors, as: 


(1) Position and size cf sluice tunnels 

(2) Profile of overflow sections 

(3) Uplift pressures on foundations of structures on 
sandy beds—for this the “‘elecirical analogy” 
method is used. 

(4) Suitable energy dissipation devices, etc. etc. 


As such, at the Futzeling and Shavhungdiyan dams, 
for the energy dissipation below sluices, the “‘shocting 
water jet’’ method is used. The water jet shoots up 
to 100 metres is length, in the form of a projectile and 
on its way, the energy is dissipated by the action of 
atmospheric pressure. 


At the Nanking Hydraulic research laboratories, 
an interesting experiment is being done, using the 
“wind tunnel method” to decide the “angle of take 
off” in the case of major irrigation canals, for, the 
smoothness of flow and scouring action etc. largely 
depend up on the “take-off angle’. 


“Structural model studies”’, for finding out the actual 
state of stresses and strains ina dam section ete., 


under different conditions of loading, are not being 
done much. But nowadays, it seems, this is the trend 
in dam design in European countries, especially in 
Italy and France. Theoretical analyses, however, 
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elaborate, do not give an accurate idea about 
the state of stresses and strains inside the body struc- 
ture. Structural model studies, help not only in accura- 
tely finding out the state of stresses and strains, but 
alsc make the design work easy, by lesseningthe amount 
of analyses work. For instance, in Italy, for the design 
of concrete ‘‘arch dams”, instead of the usual “trial 
load analyses’”’ method, which involves lot of caleula- 
tions, they first find out a rough section, by analysing 
the arch dam, as a series of simple horizontal arches 
and by the “‘structural model studies” fix up the 
final section, thereby saving a lot of time required 
for the laborious calculation work. The section thus 
arrived at, is more reliakle also. 


At the Futzeling multiple arch dam which is now 
complete and producing power, pipe sluices 2 metres 
in diameter, placed in the hollow portion of the but- 
tresses, are used for the discharge of flood water. Due 
to shock of flowing water under high heads, usually 
pipes begin to vibrate, which, if more than the allow- 
able limit, may prove dangerous to the pipes. To 
record and measure the vibrations whenever water 
is let down through the pipes. an interesting instru- 
ment made in East Germany is being used. 


This instrument can be worked by electric current 
using a combination of battery cells. This automati- 
cally records on a graph paper, both the magnitude 
as well as the frequency of vibrations. For the main- 
tenance work of the pipe sluices, this instrument is 
very useful. 


At the Mozetan hollow buttress dam, for the concrete 
lining of the “‘pressure tunnels” a special form ef 
“formwork” called as ‘“‘vacuum formwork’’, is being 
used. 


Mixing water of concrete, usually contains some 
extra water more than what is actually required by 
the cement, which may be called as ‘workability 
water’. If we are able to take out or absorb this 
amount of water, from the concrete, after it is placed, 
we can produce a comparatively denser and stronger 
concrete. 


In ordinary cases, this is not easily practicable and 
also not necessary. But in pressure tunnels, through 
which water under high velocity always flows, this 
problem is very important i. e. the problem of making 
the concrete of the lining more dense and strong, so 
as to be able to better withstand the eroding action of 
high velocity water. This is usually done by using 
“absorptive form work” or as in the present case, by 
using the “vacuum form-work”’. By using this type 
of form work, the surface concrete of the lining, which 
comes in contact with high velocity flowing water, can 
be made denser and stronger. 


The method consists in sucking out the extra am- 
ount of water from the surface concrete by vacuum 
pressure, through this “vacuum formwork’, imme- 
diately after the concrete is placed. 


The formwork is of wood, the size of each pieze used 


being 191 centimetres x46 centimetres. Each form- 
work has 2 holes, fitted with a short length of nozzle, 
on the bottom face. To each of these holes, is attached 
a rubber tube, the other ena connected to a manifold, 
which in turn is connected to a water receiver whose 
other end is connected to the vacuum pump. Imme- 
diately after the concrete is placed, absorption is 
started. The extra water is sucked out through the 
holes in the formwork, by the vacuum pump. The 
absorption is done for about 30 to 45 minutes, 
after which it becomes difficult, since the concrete 
starts setting. But this will be enough for our pur- 
pese. About 8% of water can be sucked out by this 
method, from the face of the lining, so as to make it 
more dense and strong. It seems by this method, the 
strength of the concrete increases by 20%. Vacuum 
pressure used is about 250 m. m. of mercury and rough- 
ly about 5 k. g. of water is sucked out from each 
square meter of lining. Formwork can be removed 
soon after the sucking is over, as the concrete becomes 
sufficiently strong, due to which, lining work is done 
quicker. This method also economises the use of 
cement for tunnel linings, which otherwise require 
a very high cement content, to produce a dense and 
strong concrete. The thickness of lining used is 40 
centimetres and the finished diameter of tunnel is 
5.7 metres, capable of discharging 600 cubic metres/ 
second. Concrete, for the top portion of the lining is 
placed by a “concrete pump”’. 


At all construction sites, “economy” has become the 
“watch word”. During construction, utmost econo- 
my is aimed at to reduce construction costs . This may 
bein the design of the project, such as trying tc use 
less of steel and cement or in the proper combination of 
human labour and machinery to get speedy results 
economically, or in the use of construction materials, 
especially steél and cement. 


Admixtures are always used with cement to reduce 
cement consumption. At Shavkungdiyan and Mozetan 
dams, fine ground puzzolona is used as admixture, up 
to 25%. Plums are also largely used while concreting. 
This has also got the added advantage in reducing the 
“heat of hydration” of cement. 


Aggregates for concrete are usually collected from the 
riverbed itself instead of quarrying them. This has 
been done in almost all the cases, such as Futzeling, 
Mozetan, Shavhungdiyan and even in the case of the 
big Sanmen Gorge dam, whose total amount of 
concrete is 3 million cubic metres. 


It isclaimed that, that cost of collected aggregates is 
about 12% to 15% cheaper than that of quarried 
aggregates and in case of big dams, this may work 
out to an appreciable amount. This has got the other 
advantage in that both stone and and can be collec- 
ted simultaneously. 


Wood is predominatly used as far as possible for all 
purposes, such as: 


For supporting trestles and supporting platforms 
mainly wooden ballies and bally trusses are used 
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instead of steel and even temporary bridges etc. re- 
quired for transport of materials during the con- 
struction are also of wood. 


Temporary housing put up at the project sites, 
both for officers as well as labour, are all simple 
bamboo huts with thatched roofings so that the mate- 
rials, after dismantling, can easily be used at some 


other place. 


> 


As the dams being built are “‘light type structures’’, 
such as hollowdams, archdams, multiple arch dams, 
elaborate cooling arrangements are not found neces- 
sary. By this also, construction costs could be econo- 
mical. Also, these “light type structures require a 
fairly lesser amount of cement when compared with 
heavy gravity type structures. This type of cons- 
truction suits advantageously for India, where the 
scarcity of vital construction materials especially of 
cement is more. 


’ 


Nowadays, use of “light weight structures” is the 
trend in Dam building in European countries and in 
U. S. A. where the gravity type of structures are 
almost becoming outmoded. 


In designing concrete mixes for dams the property 
that “strength of concrete increases with age’ is 
advantageously made use of, in lessening the cement 
content of the mix, such as: 


Strength of concrete of 90 days’ age is more than the 
strength of concrete of 28 days age. If we want — 
get the same strength, at 28 days age itself, we wil 
have to increase the cement content of the mix which 
means that the cement consumed will be more. On 
the other hand, usually in dams, we can easily afford 
to have the interval of 90 days or even more 
before that particular portion of concrete Is stressed 
toits designed valve. So this property 1s advantage- 
nusly made use of while designing the concrete mix, 
to reduce the cement content. Only thing, we will 
have to continue the watering of concrete to @ longer 
period i.e. say 90 days instead of 28 days, which, is 
more economical, when compared to the increased 
cement content of the mix considering the age as 28 
days. This can be clearly seen, from the “Mix design” 
used for the Shavhungdiyan arch dam. 





Strength Cement Puzzolona Sand Stone W/C Water Air En- 





Ratio training 
Agent 
170 k.g./em? 
at 90 days 148 30 430 1950 06 110 0125 
140k.g./cm? 
at 180 days 125 36 346 1950 .71 102 OL 





Materials are in kilogrammes per cubic metre of concrete 


Irrrigation 
Now days, much attention is being paid to the 


scientific development of Irrigation in all its aspects 
including the : 


Hydraulic structures involved 


The canal system (for irrigation and also for drain- 
age) and perhaps the most important of all being, 
the ensuring of the proper use of Irrigation water, 
which also takes into account the maintenance part 
of the canal system. 


For diverting water for irrigation in addition to 
dams, simple methods are adopted as per cireum- 
stances, such as: 


In Yellow river, which is an elevated river in its 
lower reaches, water is diverted, without having any 
structure on the main river course, by only having the 
canal head works along the river, e.g. People’s Vic- 
tory Canal Head Works capable of diverting 80 M? sec. 
At present, head works of 200 M3/sec capacity, also 
have been built. On the same river, the difference of 
head between the elevated water level and the adjacent 
ground level is taken advantage of in having a number 
of siphons for diverting water. In Hvia river basin 
also, similar head works capable of diverting 700 M3/ 
sec. For irrigation, are built along the Hungtze lake 
which has been made to act as a natural reservoir, 
by surrounding it with dykes. 


In the design of irrigation canals to find out accu- 
rately theirrigation water requirement of crops, careful 
analyses of the rainfall data is made, taking into 
account the amount of rainfall in the crop season of 
the particular crop, such as: 

Rice 
wheat 
cotton, ete. 
whose growing seasons are different. 


Coupled with this and also by the actual data of 
Irrigation Experimental Research Stations, established 
in each of the big irrigation areas, it has been possible 
to achieve a fairly “high duty of water’ for different 
crops, such as 

Rice—25” or 88,000 c.ft./acre 

Cotton—10.5” or 36,000 c.ft./acre 

Wheat—11” or 36,200 c.ft./acre 


By the [Irrigation Experimental Stations using 
their actual data of water requirement for crops based 
on the type of soil of each area, good economy can be 
achieved in the use of irrigation water and also, the 
per unit area yield of crops can be increased with the 
help of experiments, such as: 

(1) The suitable manure to be used 

(2) The type of crop rotation 

(3) The use of suitable seeds 

(4) Suitable farming methods ete. 

Yields like 

Rice—2300 lbs/acre 

Wheat—900 lbs/acre 

Cotton—1000 lIbs/acre 

(seeded) 
are common in irrigated areas. 





a 
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Another very important factor, that is being paid 
much attention to, in achieving economy in the use 
of irrigation water is in getting the co-operation of 
peasants in using the irrigation water carefully. In 
many of the irrigation areas, peasants themselves have 
been made mainly responsible for the maintenance 
and the up-keep of the smaller “field distribution 
network’’ of canals, thereby minimising to a great 
extent any waste of water on account of the bad 
condition of field canals and, as far as the major canals 
are concerned, regular maintenance is done by a sepa- 
rate ‘“management bureau” establised in every irriga- 
tion area. 


During the watering period, a team consisting of 
representatives of ‘peasants’ and the “management 
bureau” keep a close watch on the condition of canals, 
closing or opening of field outlets, operation of branch 
canal inlet gates, condition of pumping/equipment, 
if any, etc. which is another important factor in 
economising the use of irrigation water and this also 
avoids any possible disputes that may arise over the 
use of irrigation water. 


To get better results by irrigation, proper drainage 
of irrigation areas is by no meansan unimportant part. 
As a result, invariably each of the big irrigation areas 
hasa well planned system of drainage canals, that too, 
especially in the more rainfall areas, for, the success 
of irrigation depends much on the supply of required 
amount of water at the required time, which indirectly 
implies that any extra water in the fields must be 
drained out. 


Proper drainage of irrigaticn fields has got the added 
advantage of lowering the ground water level which 
helps a lot in preventing the waterlogging of the fields, 
especially those, having soil of very poor drainage 
property, such as ‘The black cotton soils. Good drai- 
nage also prevents the irrigation fields from becoming 
“alkaline” due to the rise of ground water level. At 
many places, where drainage by gravity is not feasi- 
ble, pumps are being used to drain out the water, 
collected at a central place. 


In the design of canal system, while fixing the 
suitable alignment of canals, especially the field chan- 
nels, the type, performance and efficiency of the ‘““Farm 
machinery’’, are also considered, so that based up on 
the advantageous and effective use of farm machinery 
such as ploughing tractors and other small mechani- 
cal equipment that may be used during the growing 
season, the bigger units of the field distribution system, 
are suitably designed and spaced. 


The last but not the least factor in getting good results 
from “‘Irrigation’’is the close co-operation between the 
“Trrigation’”’ and ‘Agriculture’? departments. For 
an efficient design of Irrigation project, good help of 
the agriculture department is quite essential. This 
cooperation is required not only for the design of 
Irrigation project, but also for the future operation 
and maintenance of the Irrigation area, so as to secure 
the maximum benefits. 


This point has been well recognised in China, in as 
much as, one can see both Irrigation and Agriculture 
personnel, both in the “Irrigation area Management 
Bureau”’ and also in the “Trrigation Experimental 
research stations” so that, by a correlated work of 
these two closely connected departments, full benefits 
due to Irrigation are being achieved. This is also the 
main reason for the development of “Co-operative 
Farming”’ ona very large scale in China. Co-operatiye- 
farming isthesure and best method of getting maxi- 
mum benefit from Irrigation, because of being able to 
carry on irrigation on a large scale very scientifically 
thereby increasing the production from the land to a 
great extent. If the farming is done individually in- 
volving very small areas, “‘irrigation’’ cannot be done 
efficiently than when the farming is done on a co-ope- 
rative basis involving large areas. There are (o- 
operative Farms of the order of 5000 acres, sometimes. 


In addition to gravity irrigation, lift irrigation is 
also done on a fairly large scale, involving large areas, 
especially in Hvai and lower Yangtze basins. The 
area of the “Irling Lift Irrigation Project’’ about 60 
kilometres from Nanking is 10,000 hectares (22.000 
acres), the main crops being rice. ; 


Water and Soil Conservation 

One of the main contributing factors for a more suc- 
cessful flood control work is an efficient method of 
conserving water and scil, because floods occuring in 
a river, on account of the excess water, can still be 
aggravated by the heavy silt that is carried by the 
inflowing water from the catchment area, as is the 
striking example of Yellow river in China. 


In fact, the main cause of frequent floods in the 
Yellow river is and has been due to the heavy silt 
carried by its waters. The reason for this is that the 
whole of the drainage area of the middle reach of this 
river consists of loess plateau, which gets severely ero- 
ded by rain storms during each rainy season. The 
extent of this area is about 220,000 KM? out of its 
total drainage area of 745,000 KM? i.e. nearly a third. 
In the upper reach of Hai river basin also, soil erosion 
is very serious. Due to the heavy deposition of silt in 
its lower reach, Yellow river has become an elevated 
river. 


Another attendant bad effect of the soil erosion is 
the gradual impoverishment of the farming lands, 
due to the top soil getting washed away, each year. 


Hence, as one of the major measures for effective 
flood control, water and soil conservation work is being 
done on an extensive scale, especially in the middle 
reaches of Yellow river and the upper reaches of Hai 
river. 


The main methods for water and soil conservation 
that are being done consist mainly of agricultural 
methods. These may be:— 


(1) Deep ploughing 
(2) Hoeing between the rows immediately after the 
rain 
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(3) Planting crops in furrows, following the con- 
tours and preparing such furrows on fallow land 
(4) Close planting 
(5) Laying out “Buffer grass belts’’ between furrows 
(6) Growing green manure in fallow periods 
(7) Proper crop-rotation 
(8) Controlling grazing on pasture 
(9) Terracing fields on sloping lands 
(10) Banking cultivated slopes 
(11) Laying out systems of ditches to collect and 
drain out water 
(12) Ditching and banking along contour lines 
(13) Stopping cultivation of steep slopes and plant- 
ing them with trees and grass etc. etc. Large 
scale afforestation is also one of the good me- 
thods, such as, planting of trees on the bottom and 
slopes of gullies, on river banks, on the banks of re- 
servoirsand onalkalineland, and also planting of wind 
breaks to fix shifting sand and to protect farmland. 
These methods have got the double advantage of 
conserving water and soil and also increasing the 
culturable area and agricultural production. 


In hilly and mountainous areas, hydraulic methods 
are favourably adopted, as 


(1) Banking heads or sides of gullies to prevent them 
from extending upwards. 


(2) Building gully check dams, soil saving dams 
(to hold back silt and make it available for recovering 
as arable land and big earth dams. 


(3) Improvement of soi] through recovery of silt 
(by conducting silt laden water on to dyked plots 
and draining it off after its silt has settled). 


(4) Building small irrigation works 


(5) Building storage ponds to hold back water and 
silt and sumps to retain rainwater, etc., etc. 


The noteworthy aspect about the work of “‘water 
and soil conservation” is the way in which they are 
being done through the active co-opperation of 
peasants themselves in the respective areas, because, 
as this work generally covers very large areas, getting 
adequate labour at each place to do this work is extre- 
mely difficult. Usually the works (say, hydraulic 
measures in particular) to be done, are in out of the 
places and by securing the co-operation of the local 
peasants, it has been possible to do this tedious work 
quite easily, without the necessity of having to trans- 
port labour from one place to another which is a very 
difficult job. 


To be able to adopt the most suitable methods to 
suit the local conditions of each area, “‘water and soil 
conservation experimental! stations” arealso establish- 
ed in the areas subject to serious soil erosion, such as 
in the middle reaches of Yellow river, there are 3 ex- 
perimental stations, each covering a portion of the 
whole soil erosion area. Here experiments are done on 


Agricultural methods 
Afforestation methods and also on 
Hydraulic methods 


Asa result of experiments, they have found out that 
a particular kind of grass similar to alpha-alpha, 
provides a good vegetation cover to protect the soil. 
This variety (called as Chao-Mushi) grows to a height 
of 3 to 4 feet and can serve as fodder in early stages 
and as fuel in later stages. In the afforestation part of 
the experiments, it has been found that a variety of 
tree called “sweet clover (Latin naeme) grows 
quickly and favourably in eroded areas, and is much 
useful in fixing “shifting sands”’. 


Based on the successful experimental results of these 
research stations, respective methods are being adop- 
ted to suit each particular area. ; 


Small-scale Water-Conservancy Works 

It has been recognised that, small scale water-con- 
Servancy works produce quick results in the increase 
of agricultural production by the quicker irrigation 
facilities afforded by these types of works. These 
can not only be finished quickly but economically also, 
when compared with the long time and the huge 
amount of expenditure involved in the big projects. 
So nowadays considerable attention is being paid to 
the execution of these works almost all over the coun- 
try. 


Works under this category include small earthen 
bunds, canal excavations, smal] sluicesand headworks, 
digging of wells and ponds and small seale lift irrigation 
hy waterwheels and pumps and lastly in certain cases, 
they also include small-scale rural electrification pro- 
jects, making use of the ‘“‘canal drops” of the irrigation 
canals. 


The success of these works, as already said in the 
case of water and soil conservation measures, is in 
getting these works done fairly quickly and economi- 
cally, by the locally available labour of the respective 
areas, mostly consisting of peasant labour. 


Generally, the vast mass of agricultural peasantry 
have little work to do in the “slack season”. During 
this period, by enlisting their co-operation, small-scale 
waterconservancy works can be easily got done as 
the mainpart of these works is simply earth work. 


Speed of Construction 

In the execution of her water-conservancy works 
China has achieved and is achieving appreciable 
speeds. The important factor contributing to the 
speed of execution is the way in which labour is 
secured, managed and the work got done by them, 
for, till recently most of the water conservancy works 
that have been done, say during the last 8 years, are 
mainly by manual] labour. The very recent Sanmen- 
gorge dam project on the Yellow river which is going on 
since April 1957 is fully mechanized, starting from the 
quarry up to the dam. 


Especially in the case of earth work, say of canals 
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and other works, considerable speed has attained, 
mainly by the creation of enthusiasm and proper 
organisation of peasant labour, e. g., itis mainly 
by enlisting the co-operation of the local peasant 
labour, specially during the flood season, China is 
able to build, maintain and protect her entire “flood 
control dykes” along almost all her big river systems. 


In the execution of Dar projects and barrage works 
also, speed attained is interesting to note, such as: 


The Chinkiang flocd detention basin project which 
consistsed of 8 million cubic metres of earth work, 
12 million cubic metres of concrete and erection of 
54 radial gates of size 18M x 4M each, was completed in 
75 days time during 1952, enlisting also the assistance 
of the army during the construction work. 


The Futzeling multiple arch dam which involved 
pouring of .2 million cubic metres of concrete and in- 
serting 4000 tons of steel, was completed in little less 
than 2 years’ time, as also the multiple arch dam at 
Meishan. which, incidentally, is the highest of its kind 
in the world. 


The Shavlungdiyan concrete arch dam, 84M in height 
and the Mozetan hollow buttress dam 82 M in height 
which were started during September 1956, were 
nearly 80% finished at the time of my visit in Novem- 
ber 1957 and are proposed to be completed by June 
1958. The amounts of concrete in the Shavhung- 
diyan and the Mozetan dams are 28 million cubic 
metres, and .3 million cukic metres respectively. 


Generally all the important and big project works 
are done almost non-stop throughout the year and 
also in 3 shifts, starting from the foundations up to 
the finish. 


These points will be of special interest for us, as 
the conditions in China and India are similar i.e. 
plenty of available man power and shortage of cons- 
truction equipment, so that, by the proper use of 
the existing manpower itself, big project works could 
be finished at a quicker rate, so as to get benefits 
earlier, in the form of increased agricultural produc- 
tion and power etc., which are the vital needs for our 
economy. 


China’s Experience 

Long before my going to China, I had known that 
China has got a good experience in flood control works 
and has done a lot. My visit to those places confirmed 
this. As already said, Yellow river valley is noted for 
its flood control works since very long, e.g. his- 
tory records that even as far back as 3000 years ago, 
the King called Yui tried to control the Yellow river 
floods by excavating a system of diversion canals. 
In the maintenance of the dyke systems and 
especially for the emergent works during flood season, 
simple but effective methods are used, such as, facin 
work, willow tree branch and stone work, combined in 
the form of bundles and stone dumping etc. to pre- 
vent any scouring of dykes and the interesting ‘“‘Pro- 
bing method” to detect any hidden holes and hollows 


in the dykes. Nowadays many flood detention basins 
and flood retarding areas along the rivers, have 
been built to combat the floods more effectively. 
These simple methods and the way in which they are 
got done are quite interesting and noteworthy. 


In the field of irrigation also, work is being done on 
a scientific basis by establishing irrigation experi- 
mental research stations in all big irrigation areas and 
using their data. At the Dam project sites, Chinese 
engineers were feeling confident that they could finish 
project works even quicker for example, at the Moze- 
tan dam an engineer told me that they can, in future, 
build dams similar to Mozetan dam in about 12 to 15 
months. 


In spite of all these, at the present stage, China feels 
the necessity of foreign help in the design and execu- 
tion of her big water-conservancy projects and I 
learnt that most of the methods that are being follow- 
ed in the planning, design and execution of her water- 
conservancy projects—irrigation as well as Dam pro- 
jects—are all based on the advanced techniques and 
experiences of Soviet Russia. The technical literature 
and books which are largely being used at present 
in China are all Soviet books, covering every technical 
field, which, I learnt are quite precise, uptodate and 
are more practical. For instance, based on their ad- 
vanced methods, China has built different types of 
concrete dams, such as, atch dams, multiple arch 
dams and hollow gravity dams. 


Interest in India 
_Wherever I went and talked with the Chinese en- 
gineers, I found them quite interested and anxious to 
know about the water-conservancy projects being done 
in India. 


Many of the engineers know about and are very 
much interested in our Bhakra Dam project, especially 
on knowing that it is the highest dam being built in 
Asia. Many engineers told me that India’s irrigation 
is quite advanced and fairly old, especially referring 
to the irrigation works of Punjab and the Upper 
Ganges Valley. But regarding our other big projects 
that are going on, they had little knowledge 
or sometimes did not know about, which shows 
that mutual contact, in the field of water-conservancy 
work has not been much. 


This sort of mutual appreciation I believe could 
still be increased to the benefits of both the countries 
by increased mutual visits of enginners and exchange 
of technical literature on a large scale. 


Conclusion 


During recent years, in the field of water-conser- 
vaancy works, China has been able todo quite a lot. A 
notable feature about the water conservancy projects 
is her efforts to do them quickly and also economi- 
cally at the same time. With this idea in view, nowa- 
days, many hydrauliclaboratories and research stations 
have been established and also at every project site 
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there is a small laboratory, to have a check on the 
quality of work; may be at an earth dam site or a 
concrete dam site or ina big irrigation area. In attain- 
ing good speeds in construction, much is being done 
by the co-ordinated hard work of both techincal and 
non-technical personnel, i. e. Engineers and the 
Labour. 

For quicker execution of the water conservancy 
works, co-ordinated and comprehensive planning for 
the river basin as a whole is done, so that ‘““water and 
land plan’’ is first made, for a basin, and then, as per 
the necessity and priority, each individual project is 
taken up for further detailed designs and execution. 


As a result of this, there are the different River 
Commissions and design officers responsible for the 
developing and exploiting of the water resources of 
different river basins, such as: 


The Yellow River Commission and design office, 
responsible for the development of Yellowriver basin, 
the Hvai River Commission and design office res- 
ponsible for the development of Hvai river basin, 
The Yangtze River Commission and design office, 
responsible for the development of the Yangtze river 
basin and the Central design office at Peking at pre- 
sent is working over the Hai river basin ‘‘water and 
land plan”. Each of these Commissions, has got a 
research laboratory of its own, inaddition to the Cen- 
tral ‘‘Hydraulic and Scientific research laboratory” at 
Peking. 


Because of these separate Commissions, it has been 
possible to do concentrated work ineach kasin at a 
good speed. If, in some cases, there is not enough 
hydrological data pertaining to a river basin, the 
Commission can survey and collect accurate hydrolo- 
gical data, by establishing a series of Hydrological 
and Rain gauge stations at key points, so that the 


scientific data can be used at any time, if not in the 
immediate future. 


Our river systems, in India, also could be developed 
on this “Basin Planning” method, especially, say, the 
Bramhaputra and the Ganges river systems by means 
of Independent Commissions for each, so that, by doing 
concentrated work, much could be done to quickly 
overcome the flood menace in these two areas, which 
are threatened by floods, almost every year, and also 
try to exploit their water resources collectively. 


This, I feel, is also the method, followed in the 
United States, as is the case of the famous T. V. A. 
and the very recently proposed “California Water 
Plan”’ which envisages the construction of about 376 
reservoirs with a gross storage capacity of about 77 
million-acre feet. 


In the preparation of her “water and land plans” 
and also in the execution of her big projects, China 
has drawn considerably from the experiences of 
Soviet Russia, in the field of water-conservancy, so 
that, I feel, India too, could benefit much, by establish- 
ing contacts with the Soviet Union, in the field of 
water-conservancy, in the form of sending students 
and engineering delegations, etc. 


Altogether, it was an unforgettable year, which I 
spent in China. Still fresh inmy mind are the various 
types of Buddha’s images, in many of the Chinese 
temples, which shows that the contacts between India 
and China, are nearly 1300 years old. 


Nowadays, thanks to the modern communication 
system, we can travel between our two countries, 
quicker and often. I, as an engineer, hope that the 
members of my profession, Hydraulic Engineering, 
will visit each other’s country frequently, so as to gain 
from each other’s experience and belp one another in 
the building up of our two friendly countries. 





OUT-BOARDS AT WORK 


An extensive research project has disclosed interes- 
ting and diverse uses of the outboard motor from 
Arctic seas to tropical rain forests. 


The outboard motor, because of its dependability, 
mobility, light weight, power, and economy of pur- 
chase and operaticn, has become a marine workhorse 
in hundreds of primitive as well as civilized areas 
throughout the world. This is clearly demonstrated 
in the new book ‘‘Outboards at Work’’, published by 
Outboard Marine International S.A., world-wide 
marketing agency for Evinrude, Johnson and Gale- 
Buccaneer outboard motors. 


The book developed as the result of a broad field 
study of the practical uses of the outboard motor. 
Its sixty-four pages and 122 photographs depict the 


importance of this small power package in fishing, 
transportation, lumbering, public service, marine 
construction, mining and many other fields of 
activity. 


The findings of the survey grsup were compiled in 
book form by William H. Taylor, Pulitzer Prize-win- 
ning writer and managing editor of ‘“Yachting’’. The 
photographs portray the actual operation of out- 
boards on many unusual craft employed in twenty- 
seven countries. 


Copies of “Outboards at Work”’ are available, with- 
out charge, by writing the Public Relations Depert- 
ment, Outboard Marine International 8. A., Nassau, 
Bahamas, or Oristano Associates, 551 Fifth Avenue. 
New York 17, New York. 








Technical Notes & News 


NEW ADVANCE IN LOADING TECHNIQUE 

Developments in the technique of loading broken 
rock, loose earth etc., have been rapid during recent 
years. It is only a few yearssince the bucket-equipped 
crawler tractor came into the market and quickly 
created a new type of loader. It gave contractors, 
industrial concerns, mines and opencast operations a 
readily mobile and relatively inexpensive, alround, 
high-capacity loader, since a crawler tractor with a 
loading bucket of 1-14 cu. metres capacity is in many 
applications the ideal loader for heavy materials. 


_ This line has now been developed still further by a 
Swedish invention which substantially boots loader 
capacity and cuts loading costs generally but which 
moreover makes it possible to employ mechanical 
loading in spaces so confined that conventional loaders 
cannot be economically used for lack of elbow room. 





Illustration showing loader in operation. 


This improvement in loading economics has been 
brought about by the Libu side-tipping bucket and 
the Libu method which it has made possible. The 
Libu bucket was designed by a Swedish engineer on 
the staff of LKAB—the world’s largest iron-ore mine, 
situated in Kiruna in Arctic Sweden. After some trials 
and design modifications with the prototypes—they 
have been used in tunnels and opencast cuts on the 
hardest conceivable loading—the Libu bucket has now 
been brought to its final form and is being marketed 
by the Swedish firm of Libu Shovel Co. AB 


The Libu bucket differs from that of the conven- 
tional loader in that it can be tilted as desired to the 
right or leftaswellas forwards. Aconventional bucket, 
of course, can only tip forwards. 


oo 

The chief gain in tunnel loading with the Libu 
method is that it eliminates the need for rearward-dum- 
ping loaders, which are both costly per cubic metre 
loaded which require the use of special transport 
vehicles. In many cases it also supercedes another 
loading method which is but poorly adapted to the 
purpose—that of backing out of the tunnel or to a 
turn-round point specially made in the rock in order 
to bring a forward-tipping loader into its dumping 
position. 


The advantages of using the Libu method on poen 
ground are twofold—firstly the higher capacity result- 
ing from the shorter distance covered by the tractor, 
with the consequent shortening of the working cycle, 
and secondly the reduction in wear on crawler tracks, 
giving better tractor economy. Apart from a minor 
adjustment of its position in order to reach a point 
suitable for dumping onto the truck, the Libu-equipped 
loader moves forwards and backwards only. 


Diagram showing the difference between Libu-loading and conventional loading. 
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Side-tipping LIBU-shovel 


Ordinary forwards-tipping shovel 
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TRACTOR-SCRAPER COMBINATION 


Another major addition to its 1959 product line was 
announced by Caterpillar Tractor Co. recently, with 
the introduction of the No. 619 wheel Tractor— 
No. 442 Scraper combination. This new machine 
makes available a Caterpillar-built two-wheel rubber- 
tired haul unit in the same size class asthe Company’s 


DWI5 wheel Tractor. 


In addition, the No. 619 has been designed to ope- 
rate safely and effectively at high speeds, formerly 
possible only with 4-wheel hauling units. The validity 
of this performance breakthrough was thoroughly 
proven in a 4-year development program, during 
which prototypes of the new earthmoving team were 
tested on job sites throughout the country. 





Before market-availability of the new Caterpillar 
No. 619 Tractor-No. 442 Scraper, the earthmover was 
tested on a variety of jobs throghout the country. 


The new No. 619 Tractor is powered by a 225 HP, 
turbocharged diesel engine, especially matched in 
power-output to the demands of the 44 cu. yd. (struck) 
capacity of the No. 442 Series BScraper. The engine 
develops maximum rated horsepower at 2000 RPM, 
and incorporates a specially-designed turbocharger 
which aids in providing a high, 20% torque rise, tailor- 
ed to provide the proper power characteristics needed 
in scraper operations. Additionally, the engine re- 
tains the Cat features of an adjustment-free fuel sys- 
tem, dry-type air cleaner, special alloy valves, alu- 
minum alloy pistons, chrome-plated rings, and water- 
jacketed cylinder liners. 


High Travel Speeds 

Top speed of the new earthmover is 30.2 MpH a 
feature considerably lowering cycle-times and increas- 
ing production over similar-sized two-wheel tractor- 
scraper units. This high travel speed has been made 
possible asa result of research into tractor-scraper 
balance conducted by Caterpillar engineers as 


aprelude to designing the No. 619-No. 442 combination. 


Previously, the uncertain roadability and difficult 
steering characteristics of two-wheel haul units opera- 
ting at high speeds had served to limit their use on 
applications where long hauls and fast travel speeds 
were required. 


_However, the design of the No. 619-No. 442 com- 
bination eliminates these shortcomings by dampen- 
ing high-speed bouncing and vibration in the struc- 
tural configuration of the machine itself. The smooth 
tide of the No. 619 is provided bya carefully-engine 
ered relationship of centers of gravity, wheelbase 
turning points, weight distribution and machine 
harmonics, 


Easy Accessibility 


Production is given a further boost by the unprece- 
dented accessibility of tractor components designed 
into the No. 619, a feature which materially cuts 
service time. As examples: the transmission, differen- 
tial, and cable control can be removed as-a single 
unit by one man in approximately 30 minutes; the 
cable control alone is removable in 10 minutes. The 
clutch may be taken out by one man in approximately 
30 minutes, and does not necessitate removal of the 
engine. The engine itself can be completely removed 
in approximately 3 man hours. 


In pointing up the new machine’s low operating cost 
the manufacturer pointed out the engine’s ability to 


burn a wide range of non-premium fuels, a charac- 
teristic of Caterpillar-built diesel engines. 


90° Hydraulic Steering 


The new hydraulic steering system on No. 619: 
Tractor incorporates a built-in safety device, in that a 


greater amount of turning power is provided when 


coming out of a turn, than when going into a turn. 
This feature assures the operator enough available 
power to turn out of any adverse ground condition 
into which he may have turned. 


Basically, the new hydraulic steering system is 
similar to that on the Company’s DW21, in that 
full 90° turning is available. 


Advanced Features 


The importance of other significant features in the 
power train and related internal components of the 
new No. 619 Tractor was also detailed. 


The flywheel clutch is a two-plate, dry-type, 16-inch 
clutch, whose unit design allows it to be removed 
easily through the use of a close-coupled universal 
joint between the clutch output shaft and the trans- 
mission. For ease of operation, the clutch is equipped 
with an air booster. 


The No. 619 transmission is barrel-type, providing 
six forward and two reverse speeds. Its bearingsand 
constant mesh gears are pressure lubricated, with 
completely filtered SAE 90 EP oil 
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The tractor’s final drive component is a planetary 
gear arrangement. The quality design and parts in 
this critical area were especially cited by the manu- 
facturer. Of special note is the split-type roller bear- 
ings used in the planet gears. These bearings, used 
exclusively in the Cat-built No. 619 planetary system, 
provide the precise area required for support, while 
preventing bearing distortion. 


By removing six capscrews in the planetary drive 
case, each axle can be easily withdrawn from the 
tractor. The planetaries are interchangeable between 
sides, with full-floating axles connecting the differen- 


tial and sun gears. 


The brake and air system on the new unit is basically 


the same as used on Caterpillar’s current line of 
wheeltype tractors. 


Rugged Lowbowl Scraper 


The No. 442 Series B Scraper, which serves as the 
No. 619’s earthmoving partner, has a capacity of 18 
cu. yd. (heaped). LOWBOWL design, a characteris- 
tic of Caterpillar’s scraper line, provides quick, 
easy loading to full capacity. 


The No. 442 Scraper is cable operated, with positive 
controlled “dozer” type ejection, apron opeMing of 
5’ 4’’, adjustable scraper axles (to level the bowl), 
and wide section, tubeless tyres. Air operated Syncro- 
Safe brakes are standard. An automatic bow] latch is 
available as an optional attachment. 


ECONOMICALLY COMPETITIVE NUCLEAR POWER 


A private industry proposal to make nuclear electric 
power economically competitive with conventionally 
produced power in the U.S. by 1965 through intensive 
development of the boiling water reactor was announc- 
ed by the General Electric Co. Francis K. Mc Cune, 
General Electric vice president and general manager 
of the Company’s Atomic Products Division, said that 
the plan is now being presented to the nation’s utility 
industries and to the U. 8. government. 


At the same time, he announced that a small nuclear 
power plant had been designed, suitable for mass 
production and installation today on a wide scale 
across the country, in order to permit utilities to 
develop the necessary experience in producing atomic 
power by the time that economic, large-scale nuclear 
plants become available. 


The over-all General Electric program, he explain- 
ed, is divided into two parts. One part, called OPERA- 
TION SUNRISE, calls for the accelerated develop- 
ment of boiling water reactor power plants to make 
them competitive with conventional power plants. 
The other part, called OPERATION KNOWHOW, 
proposes the construction and operation of a number 
of small boiling water reactor power plants to accele- 
rate operational experience in the nuclear power 
field. 


Operation Sunrise would bring into operation 
by 1962 five‘ ‘developmental’ nuclear power plants 
which would provide answers to vital technological 
questions barring the way to competitive nuclear 
power. 


Such developmental plants would be followed in 
1965 by three “evolutionary” plants which would be 
economically competitive in higher fuel cost areas in 
this country. The evolutionary plant would produce 
power for about 8-1/2 mills per kilowatt hour. 


By 1970, Mr. McCune said, we would have large 
“target” plants producing power for 6-1/2 mills per 
kilowatt hour which would be competitive with 25% of 


the fossil fuel power plants being installed at that 
time in the United States. 


Cost of Operation Sunrise would be $128 million 
over a period of seven years, excluding cost 
of plants which would be economically competitive. 
The program would be financed largely by industry, 
but would dovetail with the present program of com- 
bined government and industry development. 


Operation Knowhow proposes the mass pro- 
duction of a large number of small boiling water 
nuclear power plants for purchase and operation by 
utility companies throughout the country in order to 
gain accelerated field experience. General Electric is 
prepared to build up to 25 of these plants, while it is 
expected that other manufacturers in the atomic 
industry would be able to provide at least this same 
number of plants. 


Each plant, powered bya boiling water reactor, 
would produce 5,000 kilowatts of electric 
power. 


Construction and operation of these power stations 
would be for purposes of gaining operational experience 
with nuclear power in the field prior to the operation 
of large-scale economic nuclear power plants. 


Mr. McCune said that the program proposed by 
General Electric is designed to “complement over-all 
industry and government efforts to assure world 
leadership by the United States in one of the most 
important technological areas of the future.” He said 
that atomic acceleration is now ‘an accepted 
and irrevocabie fact’? in this country and that, in 
recognition of this, the General Electric Company 
had developed this program as a means of achieving 
economic nuclear power “in the shortest possible 
time and at the lowest possible cost.” 


Mr. McCune said that the decision to concentrate 
on the boiling water reactor concept came as a result 
of 12 years of General Electric experience in design, 
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construction and operation of atomic reactors and 
after a thorough analysis of other types of reactors 
proposed botb here and abroad. 


In Operation Sunrise, he said, the utilities 
would have in operation by 1962 a group of five 
developmental plants which would provide knowledge 
required to produce competitive atomic power. 


First step in Operation Sunrise already has 
been accomplished. It is the development and con- 
struction of first-generation boiling water nuclear 

ower plants as technological base. Mr. McCune 
said that these plants include the Vallecitos Boiling 
Water Reactor operated by General Electric and the 
Pacific Gas and Electric Company, near Pleasanton, 
California, and the Experimental Boiling Water 
Reactor developed by the Argonne National Labora- 
tory at Lemont, Illinois, both now in operation. 


This step also includes a large-scale Dresden Nuclear 
Power Station being built by General Electric for the 
Commonwealth Edison Company and the Nuclear 
Power Group. The Dresden station will be in opera- 
tion near Chicago by 1960. 


Second step in the development program and the 
most important, he continued, is construction by 
1962 of three small boiling water reactors and two 
of medium size, each for the purpose of solving a 
different but vital technological problem. One of 
these plants already has been committed. 


Boiling water reactors were chosen for the program, 
he explained, because extensive development work 
already carried out indicates they have the best chance 
for producing competitive nuclear power, and because 
it is now possible to chart specifically the remeining 
steps for future development. 


The General Electric vice president gave these 
additional reasons for choice of the bciling water 
reactor: (1) Boiling water safety characteristics have 
been proved. (2) Operation of these reactors has 
proved their inherent simplicity and high efficiency. 
(3) Capital costs of boiling water reactors are the 
lowest of any proven reactors. 


Mr. McCune stressed that the proposed program 
was not intended to supplant development programs 
forother types of reactors now being pursued by 
industry and government or others under considera- 
tion. General Electric is actively continuing work on 
other reactors, but has selected the boiling water 
type as today’s most promising candidate for ‘‘develop- 
ment in depth” to reach competitive economic status 
in the shortest possible time, Mr. McCune explained. 


“Developmental” plants to be built in the second 
step of Operation Sunrise were listed by Mr. 
McCune as— 


1. The 50,000-kilowatt plant GE’s Atomic Power 
Equipment Department is designing for the Hum- 
boldt Bay Power Plant, which the Pacific Gas and 


Electric Company is building near Eureka, Calif. 
with Bechtel as prime contractor. This plant will 
exploit the cost reduction potential of system simpli- 
fication. 


2. A 25,000-kilowatt ccmpact plant to study cost 
euts through reduction in physical size. 


3. Another 25,000-kilowatt, high-power-density 
plant to prove out the possibilities of reducing capital 
cost by doubling power output per unit reactor core 
volume. 


4. A 100,000-kilowatt or larger high-power-density . 
plant to test power density limits obtainable in a 
medium size reactor and to provide a full-scale test 
of high power density fuel. 


5. A 50,000-kilowatt separate nuclear superheater 
used as a “hook-on” reactor to an existing boiling 
water plant to demonstrate characteristics of a 
superheating reactor in conjunction with boiling water 
reactors. 


Third step in the program would be operation by 
1965 of three large-scale “evolutionary” plants to 
incorporate advances made in the developmental plant 
series. These three plants, which might include a 
10(,000-kilowatt natural-circulation plant, a forced- 
cireulation 200,000, kilowatt plant and a 325,000- 
kilowatt superbeater plant, would be competitive for 
the electric utilities that operate them. 


Fourth step would be operation by 1970 of three 
“target” plants, possibly in the 450,000-kilowatt 
range, with capital costs of from $175 to $225 a 
kilowatt. These plants would be an extension of the 
“evolutionary” plants series. Fuel costs would be 
from 1.7 to 2.2 mills per kilowatt hour. These plants 
are expected to be competitive with at least 25° of 
the U. S. fossil fuel plants then being installed. 


Fifth step would be attainment of widespread 
competitive nuclear power plants resulting from 
further improvements in plants that would come in 
the normal competition of industry. At this stage, 
McCune said, electric utilities in most areas of the 
country would have turned to nuclear power, generat- 
ed at costs well below those of fossil-fuelled plants. 


Key to the Operation Knowhow program, McCune 
said is development of nuclear field experience 
and furthering of public acceptance while technical 
problems are being worked out. 


The small plant design announced by General 
Electric, for Operation Knowhow, is based on 
experience gained with the Vallecitos Boilinz Water 
Reactor. Included in the plant package would be the 
reactor and a sphere enclosure, initial fuel load, the 
turbine generator power plant equipment, auxilia- 
ries, a control room and service building. Delivery of 
the first plants would start in 1960. 


Construction of up to 50 of these smallatomic power 
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plants across the nation, the General Electric vice 
president said, “would provide this country with the 
finest field experience network in the world, as well 
as a valuable facility for carrying out advanced tests 
of fuels and components.’’ During construction of 
each plant, he said, selected operating personnel from 
the utility installing the plant would be sent to General 
Electric and other nuclear installations for training in 
nuclear technology. 


He recommended that plants be built within easy 
driving distance of population centers so that the 
public can become acquainted with progress in develop- 
ing nuclear energy. Work could go ahead in advancing 
of health ordinances, safety regulations, licensing 
procedures and other measuresrelating to peacetime 
atomic energy. Hesaid that goals of the Operation 
knowhow would include: 


1. Well trained, competent nuclear power plant 
technicians in place and with operating experience 
at the time that large-scale economic plants become 
available. 


2. Accelerated experience with reactor components, 
hardware and fuel. 


3. Increased public and community understanding 


of the uses of atomic power, to get it out of the “mys- 
tery” realm. 

4. Orderly formulation of realistic health ordinances 
and local and state safety regulations. 

5. Development of AEC licensing procedures on a 


wide scale. 
6. Established and working insurance relation- 


ships. 





A recent addition at the Dunlop Factory at Sahaganj is the 
plant for the manufacture of large earth-mover tyres 
required in river valley projects. 


An exterior view of the Dunlop Factory at Ambattur, under construction. 
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NEW CABLE PROJECT 


Speed has been the keynote of a new factory at 
Bauria (near Calcutta) being installed by Fort 
Gloster Industries Ltd (Managing Agents Kettlewell 
Bullen & Co. Ltd) to manufacture various kinds of 
electrical wires and cables. The Company has entered 
into an agreement with the B. I. C. C. of London for 
technical collaboration in this Project and what is 
called the C. V. (continuous vulcanisation) process, a 


fast and most modern method of producing high grade 
rubber insulated cables and wires, is proposed to be 
adopted, for the first time in India, by this factory. 
Some sections have already started working and the 
entire factory is expected to go into full production 
very shortly. This addition to the country’s production 
of wires and cables is expected to meet the domestic 
requirements to a large extent. 
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SOIL-LESS PLANT CULTIVATION IN THE SAHARA 


Experiments in cultivating plants without soil are 
being carried out at Beni-Abbes under thedirection of 
the French National Scientific Research Center and 
are intended to solve two problems at the same time: 

1. Raise plants in ground which does not contain 

any humus or other organic matter; 

2. Develop new methods of cultivation which will 

require a minimum of water. 

Up to now, these experiments of the Center have 
given very satisfactory results. 

At the Beni-Abbes station, concrete boxes filled with 
sand contain magnificent heads of salad and cabbage, 
cress, radishes and other vegetables. 

The process developed by the technicians of the 


Center utilizes concrete boxes, 12 to 15 feet long and 3 
feet wide, which are filled with a layer of non-calcareous 
gravel fines and provided with the nutritive elements 
necessary for the development of the plants. The 
quantity of water used in these experiments is very 
small and may drop as low as three liters per square 
meter (3/4 US gallon per 10 square feet) per day during 
the winter. 

It is now believed that the experimental stage will be 
completed at the end of this year and that it will be 
possible to start soil-less cultivation ona large scale at 
that time. If this is successful, it will be an invaluable 
aid in supplying fresh food to the petroleum fields of 
the Sahara. 





Residential 


SIGNIFICANT DATA ON CALENDAR YEAR 1958 OPERATIONS 
DISTRIBUTORS OF POWER AT TVA RATES 








Total kWh sales 

Average rate per kWh 
Average kWh per Consumer 
Average bill per Consumer 


Commercial & Industrial—( Demand under 50 kW) 
Total kWh sales 
Average rate per kWh 
Average kWh per Consumer 
Average bill per Consumer 


Total kWh sales 
Average rate per kWh 


Total 
Total kWh sales 
Average rate per KWh 
Total No. Consumers 


Commercial & Industrial—( Demand 50kW & Over) 


Calendar year Change Change 
1958 57 to ’58 °46 to °58 
9,232,747,000 +19%, +773% 
1.04¢ 5%, —38%, 

7.165 +15% +269%, 
$80.63 +9°%, +127° 
1,962,817,000 48%, +246%, 
1.39¢ ~2/ —19°%, 
13,555 +69 +1112 
$188.42 +407 +70% 
4,619,188.000 3%, +233, 
0.71¢ +40, 3%, 
15,945,353,000 +10%, +4259 
0.99¢ -2% —22% 
1,363,311 +3, +119° 














DU RAJOINT The P.V.C. Concrete 


Expansion jointing—WATERTIGHT - FLEXIBLE : TOUGH 


(230 mm.). The ends are easily spliced 
to make continuous lengths and T, 

i prefabricated at 
our works or made on site—write for 
a copy of our booklet “Durajoint and 


In tests at the R. H. Stanger Laboratory, 
Durajoint 9° (230 mm.) wide withstood a 
pressure of 150 Ib./sq. in. (10.5 kg./sq..cm.) 
or 350 ft. head (107 m.). Durajoint is 
supplied in standard rolls in widths of 2}" 
(60 mm.), 3?” (95 mm.), 6” (150 mm.) and 9 


and L joints can 


Duraseal”’. 


“ Durajoint" is a registered trade mark. British Patent No. 646268. An arctic grade 


available to withstand temperatures down to —60°C. 


here t8 notbung guide like DURAJOINT 


r_\ THE MICANITE & INSULATORS CO., LTD. 
EMR =< | BLACKHORSE LANE, WALTHAMSTOW, LONDON, E.17. 
ww Tel: Larkswood 5500. Cables: Mytilite, London. 








This is what happens when Durajoint is sub- 
jected to lateral stress. The Durajoint remains 
watertight because the stretch is confined to 
the central tubular section of the material. 
THE RIBBED SECTION HOLDS FAST TO THE CON- 
CRETE — even under extreme conditions. 














Editorial 





Cultural Change and Technical Education 


Professor M.G. Salvadori, of the University of Colum- 
bia, has written an extremely thought-provoking paper 
in the Journal of Professional Practice, Proceedings 
of the American Society of Civil Engineers (vol. 85 No. 
PP 1, May’59) entitled “Humanity faces a technolo- 
gical culture”. He points out that “humanity was 
never faced with such speed changes in the cultural 
aspects of practically all her societies and that the 
tremendous ecucational difficulties allover the civilised 
world today are symptoms of these changes’. He 
argues that “‘any discussion on education which does 
not carefully consider the new tempo of history and 
is artificially limited to the consideration of specific 
educational problems is useless and wasted’’. 


Our country is going through an industrial revo- 
lution which was delayed for historical reasons by 
several centuries. We are thus trying to catch up 
with the industrialised world but, as we have already 
experienced, the lack of general education amongst our 
people and the absence of technical knowledge even 
among the educated few is heavily coming in the way of 
our rapid progress. Thus we are doubly faced with the 
urgent task of promoting modern technological and 
scientific education among our younger generation 
—an education which our present day educators have 
become backdated to tackle. This makes Prof. 
Salvadori’s comments all the more relevant in the 
Indian context. We have not only to promote the 
general increase in the standard of education of 
our people but we have also to keep in view “the 
new tempo of history” that surrounds us with all 
its brilliance. 


Prof. Salvadori has given extremely interesting 
examples from the wide range of human experience 
to indicate the new tempo. For example he points 
out that the population of the world has increased 
since the French Revolution from one billion people 
to over 2} billion. The experts tell us that in another 
100 years we might be over 6 billion. Thus the fact 
that the earth is getting crowded is new. Further, 
the“‘psychological density” of the world has increased 
much more rapidly than its numerical density. 


There is still another interesting aspect of the same 
situation. This increased population finds itself on a 
“greatly shrunken earth’. We can travel from New 
York to Paris in 10 hours but our thoughts can travel 
the same distance in a matter of a few seconds. 
Through television the distance between the “observer” 
and the site of the event has been considerably dimi- 
nished, so that millions more can now “‘see”’ the event 
taking place hundreds of miles away. Our intercourse 
with the other people of the world is ten thousand 
times more intimate than before. The influence of 


technology such as that provided by the radio, the 
T. V., the planes, the sulpha drugs, the penicillin, the 
atomic bombs, the nuclear energy, rockets etc. compar- 
ed to that even of 50 years is simply overwhelming. 
Our psychological cultural conflicts are on the increase. 
Nuclear energy has changed the pattern of world 
power by eliminating the hegemony of those who have 
sources Of oil, and hydrogen bombs have made war 
impossible, requiring serious consideration of new 
means Of settling political problems. Rockets are 
Opening up space to us who only yesterday were madly 
fighting Over national boundaries. 


All of these is physically, and mentally and morally 
new. 


Even in the field of arts never has been the participa- 
tion of the mass of people as lively as it is today. Prof. 
Salvadori then goes on to explain how music, poetry, 
painting and movies are all giving us entirely new 
realms of composite arts. 


But the most important and to us more relevant 
argument presented by the learned Professor is in the 
field of scientific thought. He says that modern 
technology is like a chain reaction and is fast develop- 
ing new specialised fields than ever before. Thus 
the knowledge we impart to the present generation is 
becoming inadequate within a very few years and the 
whole effort appears to be wasted. 


“One of the most dramatic consequences of this 
accelerated rate of change is the transformation of the 
usual under tow between the old and the new genera- 
tions into what seems to be open warfare. The tradi- 
tional respect for the opinions of the parent and the 
teacher has become a continuous challenge.” ‘The 
separation of the generations brings about a new 
type of loneliness and sadness.” 


It is inthis context of rapid change that an education- 
al philosophy and a corresponding educational system 
needs to be developed that will suit the needs of the 
dynamic situation. 


The minimum tools that the man of today needs are 
moral and intellectual. Morality could be expressed 
in terms of the “infinite respect for life in all of its 
aspects’. “Morality can and must be taught by all 
those who surround the child, the young man and the 
adult’’. ‘“Nothing less than worldwide morality will 
work’’. 


In regard to the development of the intellectual 
tool, “it would seem that in the present circumstances 
one of the former goals of education must be abandoned: 
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we cannot hope to give our young men information, 
even incomplete information in any of the recognized 
fields of knowledge. The speed with which the essential 
new facts accumulate and change in importance from 
decade to decade indicates that the acquisition of 
factual information is by now the task of the mature, 
self-improving professional and not the aim of the 
student. The tendency to atomize knowledge through 
the institution of innumerable specific and specialized 
courses to be abandoned on two accounts: it is stulty- 
fying, in as much as the information imparted in such 
courses may well be either false or totally immaterial 
a few years from now; it is dangerous, inasmuch as it 
tends to create specialists unable to grasp fundamental 
ideas and to communicate with others. 





INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—JULy 1959 


It becomes necessary, therefore, to consider educa- 
tion, even at the purely intellectual level, as a forma- 
tive rather than an informative process. Education is 
to be considered as a training of the mind capable of 
transforming it into a sensitive and logical tool well 
adapted to mastering a variety of unforeseeable situa- 
tions. 


Prof. Salvadori then proceeds to suggest concretely 
the place of the study of language, mathematics and 
humanities that should be accorded to a modern man 
even of the realm of science and technology. We 
strongly recommend our educationists, scientists and 
planners to go through this very bold and yet specific 
approach to a persisting world wide problem. 


Our Contributors 


Mr. P. R. Guha, B. C. E. 
M.I.E., wes born in 1905. 
Passed the Bachelor of 
Civil Engineering Exa- 
mination from the Bihar 
College of Engineering in 
the last batch of 1928. 
Joined the Govt. of Bibar 
and Orissa as an Assistant 
Engineer (1929). Posted to 
Orissa in charge of Canal 
Embankment Sub-divi- 
sion (1929-30). Returned 
to Bihar in 1933 and 
posted to the charge of reconstruction of build- 
ings in North Bihar after the earth-quake of 1934. 
Given Divisional charge in 1942. Posted to the charge 
of Post War Reconstruction Planning of Communica- 
tion in Bihar (1944-45). Deputed to the Central 
Water and Power Commission for investigation of Kosi 
high dam and irrigation projects (1940-50). Became 
Superintending Engineer, Gandak Circle incharge of 
Gandak Project investigations and other works (1950- 
54). Appointed Technical Adviser in Kosi Project 
and thereafter as Additional Chief Engineer, Kosi 
Project (1954-57). Selected as a delegate for Bibar for 
attending the World Power Conference at Paris in 
1955. Visited several river valley projects in France 
and Switzerland and gained experience of modern 
technique of treating dam foundations and construc- 
tions. Took chargeasChief Engineer, Irrigation(North), 
Bihar from January 1958, in addition to the charge 
of Chief Engineer, Gandak Project. 





Mr. Leo Walter, is 2 Consulting Engineer and 
Technical Author of long standing. 


Dr. Charles Jaeger was 
born in 1901 in Zurich. 
Switzerland, and_ re- 
ceived Secondary Educa- 
tion in Switzerland and 
Buenos Aires (Argen- 
tine). Obtained Diploma 
in Civil Engineering, 
Zurich Institute of Tech- 
nology, 1924 and Doctor 
Thesis (Zurich) (1933). 
Professeur agrege (Zu- 
rich) (1943). Since 1946 
special Lecturer on En- 
gineering Fluid Mechanics and Hydro-PowerStructures 
at the Imperial College, London University. From 1929- 
1946, Scientific Adviser to the Hydraulic Research 
Laboratory, Zurich (Prof. Mayer Peter). Since 1946, 
Consulting Engineer to the English Electric Company. 





Dr. Jaeger has published well over 100 books and 
papers on Hydraulics, Fluid Mechanics, and Hydro- 
Power Structures. 


1933: Theorie Generale de Coup de Belier. 

1946/57: Engineering Fluid Mechanics. 

1959: Contribution of 4 chapters to Guthrie Brown’s 
“Hydro-Electric Engineering Practice’, 


Numerous papers on the Theory of Energy and Mo- 
mentum of Flowin Open Channels, Surge Tank Design, 
Surge Tank Stability, Water Hammer, Arch Dams, 
Underground Power Stations, Power House Design, 
Economies of Hydraulic Designs and of Pumped 
Storage, Electric System Load Factor Analysis. ete. 


Member of the Sub-Committee on Underground 
Works (Congress on Large Dams), Associate Member 
of the American Committee on Water Hammer (1933). 


Mr. M.H.L. Whitehouse, M.A.,B.Sc., A. M. I. 
Mech. E., A.M. I. E. E., is head of the Technical 


Division, British Engineers’ Association. 








Pipe made from “Union Carbide” 
Polyethylene takes water anywhere on your 
farm. It is light-weight and easy to install ... 
you can haul and handle it yourself. Being 
chemically inert, pipe made from “Union 
Carbide’’ Polyethylene won’t rust, scale or be 
affected by soil acids. 


Write to us and we shall be happy to place 
eo A R Bl D E you in touch with manufacturers of pipe made 

from “Union Carbide” Polyethylene. 
ee National Carbon Company (India) Limited 
will soon manufacture Polyethylene at Trombay 
Island, Bombay. 


Polyethylene 
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BOMBAY e CALCUTTA e DELHI @ MADRAS 


The term UNION CARBIDE is a registered trade mark of Union Carbide Corporation, U.S.A. 
NCC 3634 
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Power plus 
Hecuracy 


PRIESTMAN 
TIGER MARK 
V-X CRANES 


Lifting considerably more 
than a third of its own 
weight is light work for 
the sturdy Tiger Mark 
V-X crane. Full-circle 
slewing, extra- 
long reach and 
controlled power 
make these cranes 
ideally suited for 
any lifting duty. 





Now fitted with 
The Revolutionary 
PRIESTMAN CROSS-ROLL BEARING 
The most efficient slewing ring yet designed 









distribution 

of the load 

and reduces 
maintenance to 
the minimum ., . 
easier, faster 
slewing 
increases 


output. 

























For details, contact 
LARSEN & TOUBRO 
LIMITED 


Post Box 278. Bombay 
Post Box 5247, Madras 


WILLCOX (BUCKWELL- 
INDIA) PRIVATE LIMITED 
Post Box 289, New Delhi. 
New Colony, Jaipur. Ti/P/97 


TRACTORS (INDIA) 
LIMITED 


Post Box 323, Calcutta 
Post Box 66, Lucknow 














